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1.0  INTRODUCTION 

This  document  contains  and  describes  the  results  of  a  research  effort  relating  to  the 
development  of  an  Amphibious  Cargo  Beaching  (ACB)  Lighter.  This  research  has  been 
performed  under  Contract  N47408-95-C-0202,  sponsored  by  the  Naval  Facilities 
Engineering  Service  Center  (NFESC). 

The  ACB  system  concept  is  based  on  an  attempt  to  enhance  the  operability  of  over  the 
shore  cargo  operations.  At  present  this  mission  is  met  with  the  Navy's  Lighter  Causeway 
System  (NL).  Elements  of  the  NL  system,  which  is  a  mature  design,  do  not  allow  safe 
operations  in  sea  conditions  beyond  Sea  State  2.  Also,  the  configuration  of  the  present  NL 
lighterage  requires  them  to  be  limited  to  transport  on  the  deck  or  hatch  cover  of  a  ship  or 
side  loaded  on  an  LST  class  ship.  The  LST  is  being  phased  out,  and  stacking  of  lighterage 
on  the  deck  of  cargo  ships  limits  the  number  of  units  that  can  be  carried.  The  concept  for 
the  ACB  system,  which  is  proposed  to  replace  the  NL  system,  stems  from  two  underlying 
premises: 

•  extending  the  window  of  operations  into  Sea  State  3  conditions  will  significantly  improve 
the  usefulness  of  the  system, 

•  providing  a  transportation  configuration  that  is  based  on  ISO  container  modularity  will 
greatly  increase  the  options  for  transport. 

The  scope  of  effort  for  this  Phase  I  of  the  development  of  the  ACB  system  has  focused  on 
providing  information  and  engineering  sufficient  to  generate  a  description  of  the  system 
modules  to  a  "Concept  Design"  level.  The  baseline  for  the  concept  development  has  been 
a  general  description  of  a  system  provided  by  NFESC  of  an  ISO  compatible  configuration. 
This  baseline  effectively  provided  limits  on  dimensions,  weight,  and  on  certain  operational 
characteristics. 

The  effort  presented  in  this  report  covers  three  major  sub-phases  of  work.  The  first  was  a 
Technology  Review  which  involved  a  review  of  the  state-of-the-art  with  an  aim  of  identifying 
new  and  emerging  technologies  in  modular  platforms  which  might  have  application  for  the 
ACB. 

The  second  sub-phase  was  a  Platform  Requirements  Review  which  focused  on  developing 
a  full  understanding  of  the  requirements  placed  on  the  ACB  system  by  various  mission 
operations.  The  objective  was  to  provide  a  set  of  general  limitations  or  criteria  to  guide  the 
design  process. 

The  last  sub-phase  involved  the  design  work  itself  and  included  reviewing  options  for 
module  forms,  analysis  of  module  response  and  operational  performance,  initial  definition  of 
structural  requirements,  and  identification  of  module  outfit  requirements. 
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2.0  TECHNOLOGY  REVIEW 

As  the  first  set  of  tasks  within  the  ACB  development  process,  the  Technology  Review  was 
intended  to  provide  a  review  of  the  state-of-the-art  of  modular  platform  technology.  The 
objective  of  this  review  was  to  identify  new  and  emerging  technologies  that  may  be  of 
interest  and/or  might  find  applicability  in  the  ACB  development. 

The  review  process  focused  on  undertaking  searches  to  identify  sources  of  potentially 
relevant  information  and  following  up  on  positive  responses.  The  search  efforts  extended  to 
commercial  sources,  academic  sources,  and  research  facilities.  Additionally  technical 
literature  searches  were  undertaken  using  technical  periodicals,  the  in-house  technical 
library  ,  and  the  local  academic  library  as  well  as  part  of  the  follow-up  process  where 
specific  research,  felt  to  be  relevant,  was  identified. 

Table  2.1  shows  the  search  parameters  for  the  review  process,  describing  contacts  as  well 
as  the  general  success  of  the  requests. 

The  Modular  Platform  Technology  Matrix  given  in  Table  2.2  provides  a  listing  of  technology 
that  has  been  identified  in  the  review.  In  addition  to  the  name  and  basic  description  the 
technology/system  this  also  gives  a  description  of  the  information  available  and/or  the 
applicability  to  the  ACB.  Copies  of  technical  information  generated  from  the  review  are 
provided  in  Appendix  A.  Also  in  the  appendix  is  a  listing  of  specific  references  that  may  be 
of  general  interest. 

In  general,  the  data  developed  during  this  review  are  either  already  well  known  to  NFESC 
or  beyond  the  scope  of  the  ACB  Lighter  development.  Examples  of  the  latter  type  include 
the  research  into  large  scale  floating  mat  systems  such  as  floating  airports  as  well  as  semi- 
submersible  floating  bridges.  Of  the  technology/systems  reported  in  the  Technology  Matrix, 
the  most  important,  from  the  standpoint  of  potentially  effecting  the  ACB  development 
process,  relate  to  systems  designed  to  attenuate  the  motions  of  floating  systems.  Several 
of  the  sources  give  excellent  information  on  passive  systems  that  could  be  easily  fitted  on 
any  floating  system  and  that  are  intended  to  increase  the  system’s  damping  characteristics. 
These  include  the  use  of  simple  attachments  such  as  perforated  plates  or  meshes,  as  found 
on  floating  breakwaters  and  dock  systems,  as  well  as  the  fitting  of  passive  roll  stabilization 
tanks. 

Some  of  the  general  information  for  several  of  the  systems  reported  were  of  use  in  making 
comparisons  with  design  results  for  the  ACB  modules.  This  is  particularly  true  of  structural 
arrangements  and  scantlings,  of  which  information  was  made  available  from  several  diverse 
sources. 

Other  interesting  results  were  derived  from  systems  that  suggest  alternatives  for  the 
hullform  concept  for  the  modules,  such  as  those  of  commercial  dock  systems. 
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TABLE  2.1 

TECHNOLOGY  REVIEW  SEARCH  PARAMETERS 


Name 

Contact 

Results 

Finlay  Navigation 

Recieved  data  on  BABINE  CHARGER 

BMT  Test  tank  UK 

Bob  Holland 

Reference  to  Mississippi  Dredger  for  Army 
Corps  of  Engineers.  8  free-to-pivot  self 
aligning  barge  units.  No  data  found 

SSPA  Test  Tank  Sweden 

Eric  Bjarne 

no  response 

DMI  Test  Tank  Denmark 

Fred  Pucill 

Reference  to  floating  tunnel.  No  details. 

MARIN  Test  Tank  Holland 

Gerard  Feikema 

Reference  to  Hood  Canal  Floating  Bridge 
Seattle.  No  data  found 

Hydronautics  US 

Rod  Barr 

No  Response 

Marintek  Test  Tank  Norway 

Kjell  Holden 

No  Response 

Kvaerner  Concrete  Constructors 

Peter  Johnson 

No  Response 

Radisson  Design  -  Floating  docks 

General  data  received 

Miklos  Kossa  Naval  Architect 

Reference  to  Green  Bay  pontoons, 
FLEXIFLOAT,  RENDRAG  ,  Neil  Lampson 
pontoons 

Atkins  UK 

Rod  Rainey 

No  Response 

IMD  Test  Tank  Newfoundland 

Don  Spencer 

Reference  to  NRC  Hydraulics  Lab  Ottawa 

University  of  British  Columbia 

Dr.  Sander  Calisal 

No  Response 

BC  Research  Test  Tank 

Gerry  Stensgaard 

Reference  to  Hood  Canal  Bridge 

Memorial  University  Newfoundland 

Neil  Bose 

Reference  to  research  in  semi-submersible 

(MUN) 

bridges.  General  description  received 

MUN 

Don  Bass 

Reference  to  research  in  passive  ballast 
stabilization  tanks.  Research  paper 

MUN 

Manmoud  Haddara 

Reference  to  Dr.  Webster  Berkely. 

NRC  Hydraulics  Laboratory  Ottawa 

Wayne  Jamieson 

Reference  to  research  on  floating 
breakwaters,  and  floating  ferry  terminal  for 
Marine  Atlantic. 

Berkely 

Dr.  Webster 

Reference  to  research  on  floating  airports. 
Reference  to  Hydroelasticity  Conference, 
Trondheim. 

Marine  Atlantic 

David  Lewis 

Floating  Dock  Bar  Harbour  Maine.  General 
data  received 

Trondheim  University 

Odd  Faltinsen 

Hydroelasticity  Conference.  Papers  of 
floating  airports,  wave  forces  on  floating 
structures.  Proceedings  received 

Neil  Lampson  Inc. 

Neil  Lampson 

General  data  received 

Naiad  Marine 

Make  fin  type  stabilizers.  Not  applicable 

Flume  Stabilization  Systems 

Frank  Sellers 

General  data  on  application  of  passive  tanks 
to  barge  forms 

Green  Bay  Structural  Steel 

Gerald  Ravet 

General  data  received 
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3.0  PLATFORM  REQUIREMENTS  REVIEW 

3.1  General 

The  second  set  of  tasks  for  the  ACB  development  was  a  Platform  Requirements  Review. 
This  was  intended  to  review  aspects  of  the  ACB  system  mission  in  an  effort  to  establish 
criteria  and/or  general  limitations  for  the  conceptual  level  design  of  the  modules.  The 
results  of  the  review  is  a  set  of  loosely  formatted  general  design  specifications  that  provide 
an  envelope  within  which  the  ACB  modules  are  to  be  configured  and  further  developed. 

Several  sources  of  information  have  been  used  to  define  basic  mission  requirements  and/or 
limitations  on  the  design.  These  include: 

•  information  relating  to  the  general  philosophy  of  the  ACB  system  provided  by  NFESC, 

•  reference  documents  provided  by  NFESC  and/or  identified  during  the  contract.  These 
are  cited  where  applicable  and  listed  is  Section  6  of  the  document, 

•  data  obtained  by  the  contractor  as  part  Technology  Review  as  identified  in  Section  2. 

The  identified  Platform  Design  Requirements  and  the  bases  under  which  they  have  been 
developed  are  provided  in  the  following  sections. 

3.2  Transportation  Configuration 

The  requirements  of  the  ACB,  from  a  standpoint  of  Transportation  Configuration,  result  from 
interfaces  that  need  to  be  met  between  the  modules  and  the  various  ships  that  will  or  might 
transport  them  to  the  area  where  they  will  be  deployed. 

The  following  is  an  initial  list  of  vessels  that  can  transport  the  ACB  modules: 

•  Auxiliary  Crane  Ships  (T-ACS), 

•  standard  ISO  containerships, 

•  Maritime  Prepositioning  Force  (MPF)  vessels, 

•  LASH  ships, 

•  SEABEE  ships, 

•  Large  Medium  Speed  RO/RO  (LMSR)  or  Strategic  Sealift  (T-AKR)  Ships. 

The  basic  interface  requirements  have  only  been  defined  for  the  transport  of  ACB  modules 
for  the  T-ACS  and  container  ship  scenarios.  Limitations  or  needs  of  the  modules  for 
transport  on  the  other  listed  ship  types  have  been  developed  based  on  a  general 
understanding  of  the  methods  of  stowage  and  how  these  may  be  expected  to  impact  on  the 
module  design. 

The  concept  for  transport  onboard  T-ACS  or  container  ships  requires  that  the  modules  be 
placed  in  standard  container  cells  in  a  manner  similar  to  that  used  for  stowage  of  the  Navy's 
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SEASHED  system.  It  is  assumed  that  all  the  specifics  of  the  stowage  operations  of  the 
SEASHED  will  also  apply  to  the  ACB  modules.  Stowage  in  this  manner  requires  the 
following  of  the  ACB  modules:  25  foot  maximum  beam,  notches  on  the  ends  of  the  modules 
to  interfaces  with  the  container  cell  guides. 

For  transport  on  MPF  and  RO/RO  vessels,  the  modules  would  be  stacked  on  deck 
potentially  making  use  of  container  deck  fitting  grids.  In  the  event  that  container  grids  are 
used  the  module  breadth  needs  to  be  limited  to  24  feet  to  ensure  that  a  reasonable 
container  loading  pattern  is  not  disrupted. 

Stowage  on  LASH  or  SEABEE  ships  will  require  that  the  modules  be  carried  in  the  well  deck 
in  a  stacked  configuration. 

Transport  on  ships  other  than  T-ACS  or  container  ships  may  require  that  lashing  fittings  be 
provided  to  tie  the  modules  down  to  the  deck  of  the  ship. 

All  stowage/transport  options  require  that  the  lowest  stacked  module  be  able  to  withstand  a 
stacking  load  of  modules  on  top  of  it.  It  is  assumed  that  at  most  4  modules  will  be  stacked 
on  top  of  another  module. 

3.3  Deployment  Requirements 

3.3.1  Deployment  from  T-ACS  or  ISO  Container  Ships 

Deployment  from  T-ACS  and  ISO  containerships  will  be  by  means  of  standard  cranes  and 
40-foot-container  spreaders.  The  use  of  these  places  a  limitation  on  the  weight  of  individual 
modules  of  30  LT  (67,200  pounds)  which  is  equivalent  to  a  loaded  40  foot  container. 

The  general  requirement  for  deployment  using  T-ACS  ships  is  to  be  able  to  place  a  40  foot 
module  in  the  water  on  the  port  side  using  the  T-ACS  cranes  (see  reference  [1]).  The 
cranes  have  a  rated  capacity  of  30  LT  at  121  foot  outreach  and  can  retrieve  a  load  from  any 
cell  of  the  T-ACS  or  from  any  cell  in  a  container  ship  moored  to  starboard.  Whether 
deploying  from  container  cells  onboard  the  T-ACS  or  using  the  cranes  to  deploy  from  a 
standard  PANAMAX  container  ship,  a  40  foot  module  can  be  placed  in  the  water  anywhere 
along  the  port  side  of  the  T-ACS  while  maintaining  10  foot  clearance  from  the  ships  side. 
This  is  illustrated  in  Figure  3.1  which  shows  the  load  range  covered  by  the  two  T-ACS 
cranes.  Therefore  deployment  using  the  T-ACS  ships  places  no  additional  limitations  on  the 
ACB  module  design. 

3.3.2  Deployment  from  MPF.  RO/RO  or  Sealift  Ships 

It  is  assumed  that  these  vessels  will  be  fitted  with  class  standard  single  pedestal  twin  cranes 
on  the  centerline.  These  have  a  rated  capacities  of  35  LT  at  130  foot  radius  and  55  LT  at 
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FIGURE  3.1 

ACB  MODULE  DEPLOYMENT  WITH  T-ACS  SHIP 
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95  foot  radius  (see  reference  [2]).  Therefore  these  will  place  no  limitation  on  the  module 
weight.  The  1 30  foot  radius  will  allow  deployment  of  the  modules  to  either  side  of  the 
vessel. 

3.3.3  Deployment  Times 

From  the  standpoint  of  the  ACB  design,  very  little  can  be  modified  that  would  greatly  effect 
the  time  required  to  unload,  connect  and  assemble  the  modules.  The  physical  size  and 
proportions  of  the  module  has  been  defined  based  on  transportation  and  operational 
requirements.  The  connection  systems  design  can  and  will  have  an  impact  on  the  time  to 
deploy.  However  this  is  outside  the  scope  of  this  study. 

The  two  areas  that  could  influence  deployment  effort  and  times  are  module  weights  and 
module  motions.  In  theory  if  some  pre-assembly  can  be  accomplished  on  the  deck  of  the 
transport  ship  then  the  overall  deployment  time  can  be  reduced.  Pre-assembly  would 
require  significant  reductions  in  weight.  The  following  are  some  scenarios: 

•  limit  module  weight  so  that  a  2x40  foot  module  assembly  weighs  less  than  55  LT  which 
would  allow  some  pre-assembly  on  the  deck  of  a  sealift  ship  equipped  with  a  class 
standard  sealift  crane, 

•  limit  module  weight  so  that  a  2x40  foot  module  assembly  weight  less  that  30  LT  which 
would  allow  pre-assembly  on  T-ACS  or  container  ships, 

•  limit  module  weight  so  that  a  3x40  foot  module  assembly  weighs  less  than  55  LT  which 
would  allow  complete  pre-assembly  of  barge  units  on  the  deck  of  a  MPF  or  Sealift  ship. 

The  feasibility  of  module  weight  limitations  of  these  magnitudes  will  be  quickly  defined  once 
a  first  estimate  of  the  modules  structure  has  been  made. 

Module  motions  are  discussed  briefly  in  Section  3.5. 

3.4  Cargo  Throughput  Operations 

3.4.1  Cargo  Types  and  Loading 

Reference  documentation  has  been  used  to  develop  a  list  of  typical  cargoes  to  be  carried  by 
the  ACB  system.  Sources  for  these  include: 

•  contract  kickoff  meeting, 

•  Pontoon  System  Manual  [3], 

•  T-ACS  4  Class  Mission  Operations  Handbook  [1], 

•  ACB  Feasibility  Design  [4], 

•  Circular  of  Requirements  for  the  Design  of  Strategic  Sealift  Ships  [2]. 
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The  cargo  types  can  be  roughly  divided  into  three  types:  containerized,  wheeled  vehicles, 
and  tracked  vehicles.  Table  3.1  gives  a  summary  of  the  characteristics  of  these  cargoes  as 
developed  from  the  reference  information  including  dimensions,  weights  and  footprint 
loading. 

Figures  3.2,  3.3,  and  3.4  give  sketches  of  typical  loading  configurations  for  the  defined 
cargoes  based  primarily  on  cargo  dimension  limitations,  i.e.,  how  many  of  each  type  of 
cargo  can  be  physically  placed  on  a  120  barge  assembly  with  reasonable  clearances. 

Other  arrangements  are  possible,  however,  without  significant  reduction  in  the  assumed 
loading  clearances,  none  are  likely  to  result  in  a  greater  load  than  those  shown. 

From  the  Figures  it  can  be  seen  that  the  maximum  container  load  would  be  175  LT  based 
on  carrying  14-20  foot  containers  at  an  average  (nominal)  weight  of  12.5  LT.  This  nominal 
container  unit  weight  is  used  based  on  the  assumption  that  the  majority  of  cargo  containers 
are  not  likely  to  weigh  in  at  the  maximum  ISO  gross  weight.  This  is  supported  by 
information  contained  in  the  Circular  of  Requirements  for  MPF(E)  vessels  [5]  which  uses  a 
nominal  design  weight  for  a  20  foot  container  of  12  LT  to  determine  vessel  maximum  cargo 
deadweight.  It  is  assumed  that  if  cargo  consists  of  20  foot  containers  at  the  maximum 
weight  of  20  LT,  then  fewer  in  number  will  be  carried.  The  maximum  cargo  load  overall 
would  be  carrying  3  -  M1A1  tanks  with  a  total  load  of  187.5  LT  (assuming  a  weight  of  an 
M1A1  tank  of  140,000  pounds).  Based  on  this  and  to  allow  some  margin,  a  maximum  cargo 
load  of  200  LT  should  be  used  for  performance  and  stability  analyses. 

3.4.2  Cargo  Operations  Interfaces 

The  ACB  Lighter  system  will  replace  the  existing  NL  system  and  will,  therefore,  be  required 
to  provide  the  same  general  roles.  These  include: 

•  Lighter/Causeway  Ferry, 

-  2  or  3  -120  foot  barges  linked  together  and  with  a  powered  unit  to  form  a  powered 
lighter  or  ferry, 

-  barge  or  barge  trains  operating  under  tow; 

•  Causeway, 

-  a  string  of  several  120  foot  barges  anchored  in  position  perpendicular  to  the  beach, 

-  it  is  assumed  that  the  LST-type  interface  will  not  be  required; 

•  RO/RO  Discharge  Facility, 

-  72  ft  X  160  ft  rigid  floating  platform  made  up  of  3  wide  by  4  long  -  40  ft  modules  , 
moored  to  a  RO/RO  ship. 
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TABLE  3.1 
CARGO  TYPES 

Cargo _ Size _ Weight  Wheel 


Containerized 


ISO  20  foot  Container 

ISO  40  foot  Container 

20ftx8ft 

40ft  X  8  ft 

20  LT  (max) 

12.5  LT  (nominal) 
30  LT  (max) 

Wheeled  Vehicles 

Light  Cargo  Trucks 
M1008 

M35A2C 

nominal 

24  ft  X  8  ft 

10.7  LT  9"x9" 

/ 

Medium  Cargo  Trucks 
M927A1 

M977 

nominal 

37  ft  X  8.5  ft 

26  LT  22"x11" 

Heavy  Cargo  Trucks 
M911+M747 

M916  +  M871 

nominal 

58  ft  X  8.5  ft 

64  LT  10"x10" 

Tracked  Vehicles 

M1A1  Tank 

nominal 

26  ft  X  12  ft 

62.5  LT  25"x180" 

Loading 


4  k 


7.9  k 


8k 


70  k 
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14  X  20  FT.  CONTAINERS  175  LT.  LOAD 

(MAX.  CONTAINER  LOAD) 


4  LIGHT  CARGO  TRUCKS  45  LT.  LOAD 


FIGURE  3.2 

TYPICAL  CARGO  LOADING  ON  120  FT  ASSEMBLY  -  SHT  1 
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MEDIUM  CARGO  AND  LIGHT  CARGO  TRUCK 
COMBINATION  64  L.T.  LOAD 


y//77777A 


y///7777A 


y/////yyj\ 


3  X  M1A1  TANK  187.5  L.T.  LOAD 


FIGURE  3.3 

TYPICAL  CARGO  LOADING  ON  120  FT  ASSEMBLY  -  SHT  2 
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4  MEDIUM  CARGO  AND  2  LIGHT  CARGO  TRUCK 
COMBINATION  128  LT.  LOAD 


7  HEAVY  CARGO  TRACTOR  TRAILER  AND  2  MEDIUM  CARGO  TRUCK 
COMBINATION  180  LT.  LOAD 


FIGURE  3.4 

TYPICAL  CARGO  LOADING  ON  120  FT  ASSEMBLY  -  SHT  3 
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It  is  assumed  that  the  Elevated  Causeway  Facility  (ELCAS)  requirements  will  be  met  by  a 
system  other  than  the  ACB. 

The  mission  roles  listed  above  will  require  the  following  interfaces; 

•  mooring  between  ACB  and  cargo  ship,  ELCAS,  other  lighters,  and  other  ACB 
assemblies, 

•  anchoring, 

•  interface  with  the  beach, 

•  interface  with  RO/RO  ramp 

-  existing  NL  system  uses  dunnage  under  ramp  foot 

-  it  is  assumed  that  the  same  will  be  applied  to  the  ACB  system  operations 

-  therefore,  no  specific  requirement  will  be  placed  on  the  ACB  module. 

The  interface  requirements  for  the  majority  of  these  will  be  met  by  providing  fittings  on  the 
module  (see  section  3.8) .  The  beach  interface  will  require  a  specialized  module  with  a 
beaching  end  folding  section. 

3.5  Hull  Shape  and  Configuration 

The  hull  shape  and  general  configuration  of  the  modules  can  be  influenced  or  have 
dependence  on  several  aspects  of  the  systems  operations.  The  general  shape  and  overall 
basic  dimensions  for  the  modules  and  assembled  barges  have  been  defined  as  part  of  the 
original  ACB  concept  under  development.  The  concept  and  resulting  basic  configuration  for 
the  modules  is  based  on  the  following  premises: 

•  compatibility  with  standard  ISO  container  modularity, 

•  method  of  transport  in  a  manner  similar  to  Navy  SEASHEDS  aboard  T-ACS  and  ISO 
container  ships, 

•  increased  freeboard  to  ensure  Sea  State  3  operability, 

•  consistency  with  the  basic  requirements  of  the  existing  NL  system. 

From  these  premises  the  following  choices  of  parameters  were  made  and  provided  as 
baselines  for  the  ACB  development: 

•  40  foot  module  length  limit  to  suit  40  foot  ISO  container  modularity, 

•  25  foot  maximum  beam  to  suit  SEASHED  type  transport  scenario.  This  was 
subsequently  revised  to  a  24  foot  maximum  beam  to  ensure  compatibility  with  transport 
on  the  container  grid  of  flat  deck  ships  so  equipped, 

•  8  foot  depth  to  provide  increased  freeboard  and  to  suit  ISO  modularity, 

•  assembled  barges  of  120  foot  length  (3x40'  modules)  to  be  approximately  consistent 
with  the  size  of  existing  system  assembled  pontoons. 
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The  resulting  basic  system  consists  of  24  x  40  x  8  foot  modules  to  be  rigidly  connected  in 
groups  of  three  to  form  120  x  24  x  8  foot  barges  which  are  then  flexibly  connected  to  form 
lighters,  causeways,  and  platforms. 

3.5.1  Module  Identically  Requirement 

In  principal  the  provision  of  identical  modules  could  add  to  the  versatility  of  the  system.  Also 
the  general  concept  described  above  does  not  necessarily  indicate  a  need  for  non-identical 
modules.  However,  the  general  philosophy  of  how  the  modules  are  to  be  interconnected, 
i.e.  a  rigid  connection  between  40  foot  modules  within  a  barge  and  a  flexible  connection 
between  120  foot  barges,  imposes  some  requirements  on  the  module  end  shapes.  The 
rigid  connection  between  modules  implies  an  advantage  in  a  full  depth  square  end  shape  to 
better  transmit  bending  forces.  The  flexible  connection  between  barges  implies  a  raked 
end  shape  to  ensure  full  freedom  of  motion  for  the  articulation.  Based  on  this,  the  modules 
will  not  be  identical. 

3.5.2  Resistance  Dependence 

Reference  information  for  the  lighterage  operations  indicates  that  the  normal  speed  of 
operation  in  a  powered  mode  (as  a  lighter  barge  or  causeway  ferry)  is  6  knots.  As  well 
there  is  a  potential  need  to  increase  this  to  8  knots.  Based  on  a  review  of  barge  form 
resistance  data  sheets  [6],  the  following  points  about  resistance  characteristics  of  ACB 
barge  forms  can  be  stated: 

•  6  knots  for  a  1 20  foot  barge  relates  to  a  Froude  number  (V/sqrt(g*L))  of  0. 1 6; 

•  at  this  Froude  number,  in  general,  the  resistance  curve  gradient  is  shallow; 

•  the  form  drag  or  residuary  resistance  coefficient  gradient  is  nearly  flat; 

•  between  hullform  variations  that  include  more  or  less  of  a  transition  at  the  waterline  (bow 
form)  and  more  or  less  shape  to  the  hull  section,  the  magnitude  of  the  residuary 
resistance  coefficient  changes  little; 

•  the  presence  of  a  raked  bow  and  stern  can  significantly  reduce  the  overall  resistance; 

•  variations  within  the  smoothness  of  the  transition  within  the  raked  bow  and  stern  can 
effect  the  resistance  values. 

The  results  indicate  that  there  is  little  relative  resistance  dependence  of  the  module  hullform. 
The  exception  is  that  a  raked  profile  should  be  provided  bow  and  stern.  Also  should 
resistance  characteristics  become  more  significant,  such  as  if  an  increased  operational 
speed  is  to  be  considered,  then  a  modification  to  the  bow  and  stern  profiles,  through 
providing  a  smoother  transition  and  eliminating  the  knuckle,  should  be  examined. 

3.5.3  Stability  Dependence 

Intact  stability  is  a  measure  of  the  resistance  of  the  hullform  to  capsize  under  operational 
loading  conditions  with  the  hull  in  an  intact  (not  flooded)  condition.  Intact  stability  is  a 
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function  of  the  shape  and  size  of  the  waterplane,  the  buoyancy  distribution,  and  the  location 
of  the  center  of  gravity  of  the  hull  and  load.  The  intact  stability  characteristics  can  therefore 
depend  on  the  hull  form. 

Barge  forms,  with  their  large  waterplanes  relative  to  their  draft,  have  inherently  large  initial 
stability  characteristics  but  sometimes  with  limited  range.  Also,  deck  barges,  which  the  ACB 
can  be  considered,  can  sometimes  experience  large  increases  in  the  vertical  position  of  the 
overall  center  of  gravity  as  a  result  of  large  sized  cargo  loads.  On  this  basis  loading 
conditions  can  be  limited  by  the  need  to  maintain  adequate  stability. 

No  specific  criteria  or  limitations  on  stability  characteristics  have  been  identified.  As  a 
measure  of  the  relative  characteristics  and  therefore  the  relative  safety  of  the  system  the 
ACB  stability  will  be  compared  against  the  standards  contained  in  CFR  46  174  [7]  for  deck 
cargo  barges.  This  standard  requires  that  the  barge  have  a  minimum  amount  of  righting 
energy  stated  in  terms  of  an  area  under  the  righting  arm  curve. 

Damage  stability  is  a  measure  of  the  resistance  of  the  hullform  to  capsize  in  a  flooded 
condition,  i.e.  damage  causing  flooding  of  one  or  more  of  the  hull  watertight  compartments. 
Based  on  the  reference  information,  the  likelihood  of  flooding  type  damage  occurring  during 
lighterage  operations  is  high.  Therefore,  the  hullform  will  need  to  be  compartmentalized  to 
the  extent  necessary  to  maintain  adequate  stability  after  damage. 

Criteria  for  damage  stability  are  normally  related  to:  the  extent  of  damage  that  needs  to  be 
considered,  limitations  on  the  equilibrium  heel  angle  after  damage,  avoidance  of  deck  edge 
immersion,  and  maintenance  of  positive  stability  and  stability  range.  For  the  ACB  modules,  ' 
with  a  high  likelihood  of  damage,  particularly  to  the  ends  and  the  sides,  it  is  concluded  that 
damage  occurring  at  a  watertight  compartment  boundary  could  cause  flooding  of  two 
adjacent  compartments.  The  ACB  should  be  designed  based  on  withstanding  the  flooding 
of  two  adjacent  compartments  with  limited  transverse  extent  of  damage. 

No  criteria  or  limitations  for  damage  stability  standard  are  specified.  Based  on  typical 
damage  criteria  the  following  criteria  will  be  used  to  define  the  relative  damage  stability 
characteristics  for  the  ACB: 

•  equilibrium  heel  angle  after  damage  limited  to  15  degrees  based  on  maintaining  security 
of  the  cargo; 

•  no  deck  edge  immersion; 

•  positive  range  of  stability  of  at  least  1 5  degrees. 

Both  intact  and  damage  stability  are  to  be  analyzed  for  a  single  120  x  24  foot  barge,  since 
this  will  be  the  worst  case. 


ACB  Lighter  Development 
CLIN  0001  AC  Final  Report 


16 


KVVERNER 


Kvaerner  Masa  Marine  Inc. 


3  5  4  Motions  Characteristics 

The  motions  (seakeeping)  characteristics  of  the  ACB  modules  and  assembled  barges  are  of 
critical  importance  to  the  operability  of  the  system  particularly  in  higher  sea  states.  The  hull 
form  and  changes  to  it  can  have  significant  impact  on  these  characteristics. 

No  specific  motion  limitations  have  been  defined  other  than  that  overall  motions  of  the 
modules  and  barges  should  be  minimized.  The  ACB  design,  therefore,  will  need  to  be 
developed  from  a  standpoint  of  allowing  incorporation  of  features  that  may  reduce  motions 
wherever  possible. 


3.5.5  Hydrostatics  and  Displacement 

An  underlying  premise  of  the  concept  is  to  provide  increased  freeboard  to  allow  operations 
in  higher  sea  states.  It  is  assumed  that  an  acceptable  minimum  freeboard  for  the  ACB 
system  would  be  in  the  range  of  3  feet.  This  is  based  on  the  assumption  that  the  freeboard 
of  the  existing  NL  lighters,  which  is  approximately  3  feet,  provides  an  acceptable  height 
above  the  waterlevel  to  handle  larger  waves.  Using  the  8  foot  depth  guideline  for  the  ACB 
system  modules,  3  feet  freeboard  relates  to  five  feet  draft.  If  it  is  assumed  that  the 
maximum  practical  load  that  a  120  barge  unit  will  be  required  to  carry  is  200  LT,  and  that 
each  of  the  modules  weighs  in  at  the  maximum  of  30  LT,  then  the  total  displacement  for  the 
barge  will  be  in  the  order  of  290  LT.  The  minimum  block  coefficient  allowable  to  provide  a  3 
foot  minimum  freeboard  (5  foot  draft)  is  then: 


C 


Bmin 


volume  =  (35V290)  =  0.70 

L  B  T  (120)(24)(5) 


A  block  coefficient  of  less  than  this  will  not  allow  3  feet  freeboard  at  maximum  load.  This 
limit  can  be  used  in  evaluation  of  potential  hullforms.  It  should  be  noted  that  3  feet 
freeboard  is  only  used  as  a  guide  to  evaluate  changes  to  the  hullform  and  is  not  based  on 
an  analysis  of  any  criteria  relating  to  water  on  deck  or  other  seakeeping  characteristic. 


3.5.6  Connection/Assembly  System  Dependence 

Based  on  the  general  information  about  the  probable  form  and  operation  of  the  rigid  and 
flexible  connection  systems,  there  does  not  appear  to  be  any  aspects  of  the  hullform  that 
would  effect,  either  enhance  or  degrade,  the  connection/assembly  processes.  The 
qualification  to  this  statement  is  that  for  the  implied  hull  form  end  shapes  given  in  Section 
3.5.1,  i.e.  full  depth  square  ends  for  the  rigid  connection  and  raked  ends  for  the  flexible 
connections. 


The  flexible  connection  system  will  also  require  a  minimum  depth  of  vertical  structure  at  the 
end  of  the  end  module.  From  the  descriptions  of  this  system  in  reference  [8],  it  is  assumed 
that  2  feet  will  be  sufficient. 
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3.6  Structure 

3.6.1  Structural  Arrangement 

From  the  standpoint  of  the  structural  arrangement,  the  modules  will  be  designed  based  on 
typical  barge  construction  practices  and  design  methods.  The  arrangement  could  consist 
of  stiffened  panels  supported  by  a  frame  system,  corrugated  panels  supported  by  a  frame 
system,  or  a  combination  of  these.  The  choice  of  the  system  to  use  and  the  arrangement 
will  be  based  on  the  relative  weight  advantage  compared  against  any  additional  complexity 
in  construction.  Typical  barge  construction  arrangements,  consisting  of  a  system  of 
watertight  bulkheads,  heavy  frames  supporting  beams  and  stiffeners  which  in-turn  support 
the  deck  and  shell,  is  designed  for  application  on  structures  where  the  primary  support  is 
provided  by  uniform  hydrostatic  pressure.  Such  a  design  methodology  will  provide  the  most 
efficient  structure  possible  and  result  in  modules  that  have  more  than  adequate  strength 
and  stiffness. 

3.6.2  Design  Criteria 

The  ACB  system  will  in  effect  operate  as  deck  cargo  barges  or  barge  trains.  No  specific 
regulatory  requirements  have  been  stated  as  being  required.  As  a  basis  for  development  of 
scantlings  the  following  methodology  will  be  used: 

•  Use  ABS  Rules  for  river  service  [9]  and  ABS  Rules  for  Steel  Barges  [1 0]  to  define  initial 
scantlings  including  specific  wheel  loads  for  deck  plate  and  supporting  structure.  These 
are  empirically  based  and  derived  from  what  has  been  determined  to  be  adequate 
structure  for  existing  in-service  vessels  under  a  wide  range  of  loading  conditions, 

•  Check  these  scantlings  and  define  stress  levels  under  specific  loading  defined  for  ACB 
operations  and  including  both  local  and  global  effects, 

•  Include  the  effects  of  dynamic  load  factors,  sufficient  to  allow  for  SS3  conditions. 

3.6.3  Loading 

From  the  reviewed  reference  documentation  the  following  load  types  and  magnitudes  need 
to  be  considered: 

•  Cargo  Loads, 

RTCH,  75,000  pound  wheel  load. 

Cargo  Trucks,  up  to  16,000  wheel  load, 

M1A1  Tank,  140,000  total  load; 

•  Hydrostatic  Loads; 

•  Hydrodynamic  Loads,  if  slamming  is  determined  to  be  of  concern; 

•  Lifting  Loads; 
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•  Stowage  Loads  for  Modules  onboard  a  transport  ship. 

The  governing  load  for  the  deck  plate  will  be  wheeled  cargo  tire  patch  loads.  These  are  the 
largest  local  load  identified.  For  design,  the  plate  thickness  and  stiffener  spacing  will  be 
determined  from  the  "Heavy  Cargo  Truck"  wheel  load  and  patch,  as  given  in  the  Sealift  COR 
[2],  using  the  ABS  Rules  wheel  load  design  approach  assuming  the  application  of  a  dynamic 
factor  and  considering  the  deck  as  a  "strength"  deck.  The  resulting  panel  will  then  be 
checked  against  the  higher  RTCH  wheel  load  to  estimate  the  amount  of  permanent  set  to  be 
expected.  This  approach  is  felt  to  be  appropriate  since  the  RTCH  is  only  an  occasional  load 
and  since  it  is  assumed  that  a  small  amount  of  permanent  set  is  acceptable. 

Deck  supporting  structure  will  be  designed  to  carry  the  RTCH  load  using  direct  calculation 
methods  and  an  allowable  bending  stress  of  67%  of  yield.  Other  structure  designed  using 
direct  calculation  methods  will  use  67%  of  yield  as  an  allowable  stress  level. 

Other  structural  members  will  be  sized  to  the  scantling  requirements  of  ABS  Rules  based  on 
120  foot  barge  dimensions.  Areas  of  the  structure  will  then  be  check  for  stress  levels  under 
specific  loading  conditions  and  configurations  including  of  stability  of  the  structure  against 
buckling  collapse. 

The  hull  girder  strength  will  be  reviewed  relative  to  moments  derived  in  previous 
hydrodynamic  analyses  as  well  as  against  static  loading  conditions  in  still  water  and  on  a 
wave.  Scantlings  will  be  revised  to  suit  global  stress  limits,  if  required. 

3.6.4  Materials 

The  requirements  for  potential  materials  to  be  used  on  the  ACB  structure  are: 

•  durability, 

•  maintainability, 

•  availability. 

Materials  to  be  considered  include: 

•  steel 

-  Mild  (ordinary  strength)  steel  marine  grade  34  ksi  yield 

-  High  strength  steel  marine  grade  H36  51  ksi  yield 

-  HY80/HY1 00  steels  80/100  ksi  yield 

The  use  of  high  strength  steel  is  relatively  common  in  ship  building  in  specialized 
applications.  Availability  should  not  be  a  problem  and  workmanship  requirements  and 
skill  levels  are  not  stringent.  High  strength  steel  is  to  be  considered  for  the  ACB 
structure  in  areas  of  high  stresses  if  a  weight  advantage  can  be  realized. 
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The  higher  strength  steels,  HY80  and  HY100  (MIL-S-16216),  are  used  in  marine 
applications  primarily  in  surface  combatants  in  areas  of  the  hull  where  very  high  stresses 
may  occur.  These  steels,  in  addition  to  providing  high  yield  characteristics,  provide 
superior  fracture  toughness.  The  use  of  these  steels  for  the  ACB  would  impose  a 
relatively  high  cost  penalty  since  they  are  not  as  common  and  require  specialized 
fabrication  skills.  These  steels  may  provide  a  weight  advantage  due  to  their  high 
strength.  However  their  use  should  only  be  considered  together  with  their  negative 
impact  on  the  eventual  unit  cost. 

•  aluminum 

-  availability  is  high 

-  requires  some  degree  of  specialized  skill  and  knowledge  to  work  with 

-  not  as  durable  as  steel 

-  susceptible  to  fatigue 

The  use  of  aluminum  should  not  be  considered. 

•  composites 

-  composites  in  marine  use  have  so  far  been  limited  to  GRP/FPR  laminate  hulls, 
sandwich  panels  for  deckhouses  (references  [11]  and  [12]),  and  joiner  work, 

-  use  in  heavy  load  bearing  applications  is  not  proven. 

It  is  concluded  that  the  use  of  composites  is  not  warranted. 

•  other  materials 

Plastic  materials  could  find  use  in  self  contained  buoyancy  compartments  similar  to 
modular  floating  dock  technology.  Wood  could  find  use  in  load  spreading,  sacrificial 
deck  sheathing  applications.  The  use  of  other  material  in  these  types  of  non  load 
bearing  applications  should  not  be  precluded. 

3.7  Propulsion 

Propulsion  for  the  ACB  will  be  with  an  ISO  powered  module  using  360  degree  rotatable 
waterjets  (see  reference  [13]).  The  development  of  this  module  is  outside  the  scope  of  the 
ACB  module  research  effort. 

3.8  Hull  and  Deck  Outfit 

Interface  requirements  for  the  ACB  have  been  identified  in  previous  sections.  Those 
interfaces  that  will  impact  on  the  level  of  hull  and  deck  outfit  that  is  required  to  be  provided 
include: 
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•  Transportation  Configuration 

-  interface  to  container  ship/T-ACS  container  cell  guides, 

-  interface  with  typical  container  deck  fittings  on  a  RO/RO  or  other  flat  deck  ships  for 
transportation, 

-  interface  for  securing  ACB  modules  to  deck  of  ship  not  equipped  with  container  deck 
fittings, 

•  Deployment 

-  interface  with  standard  ISO  40  foot  container  spreader  for  lifting  on  T-ACS  and 
container  ships, 

-  interface  for  lifting  on  ships  not  equipped  with  container  spreaders, 

•  Cargo  Operations 

-  interfaces  for  mooring  the  ACB  barges  or  lighters  to:  cargo  ship,  ELCAS  facility, 
Warping  Tug,  other  lighter, 

-  interfaces  for  anchoring  operations  when  used  as  a  causeway, 

-  cargo  interfaces  (tie  downs) 

Cargo  operations  and  module  stacking  configuration  will  require  that  any  fittings  provided  to 

meet  these  interfaces  be  low  profile  flush  type.  Based  on  these  requirements,  the  following 

type  of  fittings  will  be  provided: 

•  ISO  Container  Fittings 

-  4  -  ISO  container  corner  fittings  to  be  provided  on  the  top  of  each  module,  nominally 
4  feet  off  centerline  to  port  and  starboard,  between  the  end  notches  for  the  container 
cell  guides, 

-  ISO  container  fittings  to  be  provided  on  the  bottom  of  each  module  in  the  same 
general  position  as  the  top  fittings.  Two  fittings  for  the  end  modules,  4  for  the  central 
modules, 

-  fittings  to  be  arranged  to  match  the  tolerances  given  in  ISO  standards  [14]. 

•  Heavy  'D'  Ring  Lifting  Lugs 

-  4  recessed  type  heavy  'D'ring  type  lifting  lugs  are  to  be  provided  symmetrically  placed 
on  the  top  of  each  module  in  way  of  significant  supporting  structure  (bulkhead  or 
girder),  to  be  used  in  connecting  lifting  bridles  and  slings  for  ships  not  equipped  with 
container  spreaders.  Lug  to  be  sized  to  carry  the  maximum  light  weight  of  the 
module  with  lifting  dynamics  considered. 

-  alternately  detachable  padeyes  can  be  provided  that  can  be  bolted  to  the  deck  of  the 
modules  when  required  for  lifting  operations. 
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•  Securing  Fittings 

-  recessed  securing  fittings  are  to  be  provided  along  the  sides  and  possibly  the  ends  of 
the  modules  for  use  in  lashing  to  the  decks  of  ships  not  equipped  with  container  deck 
fittings  or  to  provide  additional  support  when  stacked, 

-  alternately  detachable  securing  padeyes  can  be  provided. 

•  Mooring  Fittings 

-  up  to  five  mooring  fittings  are  to  be  provided  along  the  port  and  starboard  sides  of  a 
120  foot  assemble  barge.  One  arrangement  could  be  to  provide  one  each  port  and 
starboard  on  the  end  modules  and  three  each  port  and  starboard  on  the  central 
module. 

-  fittings  could  be  either  detachable  bits/cleats  or  recessed  bits/cleats. 

•  Anchoring  Fittings 

-  up  to  three  of  the  provided  mooring  fittings  should  be  designed  to  be  used  in 
anchoring  operations  as  well. 

•  Cargo  Tie  downs 

-  a  tie  down  grid  should  be  provided  that  will  allow  stowage  of  cargoes  basically  in  any 
orientation  or  location, 

-  an  example  grid  could  consist  of  two  rows  of  cloverleaf  type  fittings  along  each  edge 
of  the  modules,  spaced  6  feet  apart  longitudinally  and  3  feet  transversely,  with  a  row 
of  'D'  rings  between  the  cloverleafs. 

Other  fittings  that  will  be  required  relate  to  non-operational  or  transport  requirements 

including; 

•  Access 

For  inspection  and  maintenance  purposes,  each  watertight  compartment  in  the  modules 
will  require  to  be  fitted  with  bolted  access  panels  or  flush-type  manholes.  These  should 
be  located  near  to  the  boundary  of  the  compartment  adjacent  to  a  watertight  bulkhead 
and  in  line  with  vertical  ladders  or  ladder  rungs. 

•  Machinery  Connections 

There  may  be  a  requirement  for  connection  fittings  to  be  provided  for  mechanical 
systems.  The  requirements  for  systems  are  not  defined  but  may  include  water  ballast. 
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fuel  storage  etc.  Any  such  fittings  should  be  provided  in  recessed  pockets  in  the  deck 
with  removable  covers. 

•  Connections  System  Related  Fittings 

The  connection  systems  (rigid  and  flexible)  are  currently  under  development  and  details 
are  not  available.  Reservations  in  space  and  weight  should  be  incorporated  into  the 
ACB  design.  Types  of  fittings  that  may  be  required  include: 

-  through  deck  fitting  for  passing  marriage  lines, 

-  mounting  plates  for  portable  winches  or  bits, 

-  access  panels  for  installation  and  maintenance  of  connection  system  units, 

-  hydraulic  fittings. 
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4.0  DESIGN  DEVELOPMENT 

4.1  Hydrodynamics  Comparison  of  Hullform  Variations 

4.1.1  General 


As  discussed  in  Section  2,  the  Technology  Review  identified  several  potential  measures  that 
would  tend  to  reduce  the  module  motions.  The  measures  identified  included  a  variation  to 
the  hullform  in  a  catamaran  form,  and  the  use  of  fixed  passive  damping  systems.  The 
objective  of  this  part  of  the  research  effort  was  to  quantify  the  effects  on  the  overall  module 
motions  of  a  catamaran  form,  as  well  as  selected  passive  damping  system  that  included: 
attached  perforated  plates,  an  integral  open  truss,  and  a  free  surface  type  stabilization  tank. 
The  analyses  of  these  options  were  developed  using  numerical  motion  prediction  software 
for  the  hull  form  variations  and  empirical  information  to  quantify  the  effects  of  the  damping 
systems.  Figure  4.1  shows  the  basic  geometry  of  the  hullforms  and  other  options  analyzed. 

4.1.2  Methodology 

The  basis  of  the  hydrodynamic  calculations  is  a  3D  radiation/diffraction  program  called 
AQWA-LINE.  AQWA-LINE  is  a  bureau  standard  code  capable  of  modeling  any  stationary 
floating  hull  form  subjected  to  wave  actions  using  potential  flow  theory.  The  code  provides 
the  complete  hydrodynamic  properties  such  as  added  mass,  wave  (radiation)  damping, 
excitations,  hydrostatic  stiffness  as  well  as  Response  Amplitude  Operators  (RAO's)  for  six 
degree-of-freedom  motions  of  the  vessel.  The  excitation  functions  include  Froude-Krylov 
forces,  diffraction  forces  as  well  as  second-order  steady  wave  drift  forces.  In  the  present 
application,  all  of  the  above  parameters  are  calculated  for  a  range  of  wave  frequencies  and 
four  relative  wave  directions. 

The  two  hullforms  modeled  in  AQWA-Line  are  based  on  a  rigid  barge  hull  form  in  the 
monohull  as  well  as  in  the  catamaran  hull  configurations.  All  models  developed  were  for  the 
hullforms  in  the  unloaded  light  condition.  Three  lengths  of  each  hull  form  were  modeled, 

40,  80,  and  120  feet,  representing  one,  two,  and  three  modules  rigidly  connected  end-to- 
end,  with  displacements  of  30,  60,  and  90  LT,  respectively.  One  additional  case  of  two  120 
foot  hulls  of  the  monohull  form  rigidly  connected  side-to-side  was  also  analyzed.  The  hull 
surface  is  described  by  a  finite  element  mesh  with  a  pulsating  "source"  located  on  each 
element.  The  hull  surfaces  were  modeled  using  approximately  600  diffracting  and  non¬ 
diffracting  quadrilateral  plate  elements.  The  raked  ends  of  the  80  and  120  foot 
configurations  were  not  modeled  as  it  was  felt  that  these  would  have  only  minor  effects  on 
pitch  and  heave  motions.  With  this  simplification,  the  two  hulls  types  both  have  longitudinal 
as  well  as  transverse  symmetries,  which  reduced  the  modeling  efforts.  Figures  4.2  and  4.3 
depict  typical  hull  geometry  models  for  the  two  types  of  hull  forms.  The  accuracy  of  the 
models  were  verified  by  examining  the  geometry  and  separate  hand  calculations  of  the 
hydrostatic  properties. 
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MONOHULL 


CATAMARAN 


ATTACHED  PLATES 


OPEN  TRUSS 


PASSIVE  TANK 


FIGURE  4.1 

MODULE  VARIATIONS  ANALYZED 
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Motions  of  the  monohull  and  catamaran  concepts  have  been  computed  in  two  sea  states, 
one  representing  a  nominal  sea  condition  (SS  2.5)  and  the  other  an  extreme  condition  (SS 
5).  The  nominal  SS  2.5  condition  was  chosen  to  facilitate  comparisons  and  benchmarking 
of  the  results  with  previous  numerical  results  (Garrison  [15]).  The  relative  motion  effects 
between  the  hull  form  variations  can  be  considered  applicable  to  SS  3  conditions  as  well. 
The  wave  parameters  used  for  these  two  conditions  are  as  follows: 

Sea  State  Sig.  Wave  Height  Modal  Period 

2.5  3.0  ft  5  s 

5  10.0  ft  9.1s 

The  Bretschneider  two-parameter  spectral  formulation  for  fully  developed  seas  was  used  to 
represent  the  above  sea  states.  It  is  assumed  that  the  waves  are  unidirectional  and 
longcrested,  which  is  a  conservative  assumption  for  motion  calculations.  All  calculations 
have  been  carried  out  for  a  water  depth  of  50  feet,  although  motion  responses  are  not 
expected  to  be  sensitive  to  the  water  depth. 

The  perforated  plate  arrangement  designed  for  attenuating  the  wave-induced  motions  was 
modeled  as  appendages  that  modified  the  hydrodynamic  added  mass  and  damping 
especially  in  the  roll  and  sway  motions.  The  background  for  this  approach  is  a  research 
program  at  the  National  Research  Council  of  Canada,  Hydraulics  Lab,  relating  to  the  use  of 
perforated  plates  to  add  damping  to  floating  bodies  [16].  The  attached  plates  were 
modeled  with  40%  perforations,  the  size  of  the  individual  holes  not  being  relevant.  The 
empirical  data  on  the  motions  damping  characteristics  of  these  plates  are  not  explicitly 
documented  and  observed  oscillation  decay  tests  were  used  to  estimate  the  damping  factor 
for  an  arrangement  in  which  two  plates  were  attached  to  the  module/s.  This  was  primarily 
aimed  at  providing  additional  damping  in  the  roll  mode  so  that  roll  motions  can  be 
significantly  reduced.  Damping  due  to  the  appendages  were  modeled  as  non-linear 
functions  of  velocity,  equivalent  linearizations  of  which  were  used  to  determine  the  modified 
motion  RAO's. 

An  open  truss  structure  on  the  catamaran  hullform  was  modeled  as  consisting  of  small 
diameter  members  for  which  the  forces  can  be  defined  using  Morison's  formula  (see 
reference  [17])  for  cylinders  which  comprise  drag  and  inertia  terms  with  constant 
coefficients.  It  is  assumed  that  the  tubular  elements  are  not  effected  by  the  diffracted  and 
radiated  flow  fields  so  that  AQWA-LINE  modeling  is  not  required.  These  tubular  members 
contribute  locally  to  damping  primarily  in  heave  and  pitch,  the  net  effect  obtained  by  adding 
the  forces  on  each  element.  The  damping  is,  once  again,  nonlinear  which  is  modeled  by 
equivalent  linearization  techniques.  An  inertia  coefficient  of  1 .0  and  a  drag  coefficient  of  1 .2 
have  been  used  in  the  analysis. 

A  simple  rectangular  free  surface  tank  was  investigated  to  demonstrate  the  reduction  in  roll 
motion  that  can  be  achieved  using  an  open  passive  tank.  The  40  foot  monohull  form  was 
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modeled  to  include  additional  displacement  due  to  the  water  in  the  tank.  The  magnitude 
and  phase  of  the  roll  stabilizing  moment  due  to  the  tank  was  determined  using  published 
semi-empirical  data  [18].  This  is  followed  by  re-calculation  of  the  roll  RAO  after 
incorporating  the  stabilizing  moment  into  the  uncoupled  roll  equation  of  motion.  The 
modified  RAO  is  used  to  calculate  the  response  in  irregular  seas.  The  analysis  takes  into 
account  the  reduction  of  GM  due  to  the  liquid  free  surface  in  the  tank,  which  is  not 
considered  serious  as  the  barge  is  relatively  "stiff"  in  roll.  The  calculations  have  been 
carried  out  for  one  height  of  water  level  in  the  tank  only.  The  water  in  the  tank  for  the 
configuration  analyzed  amounted  to  about  20%  of  the  displacement. 

4.1.3  Results 


As  a  bench  mark  for  the  calculations,  a  2  module  barge  hull  form  was  modeled  using  the 
hull  parameters  taken  from  Garrisons  report  [15].  Motion  RAO's  calculated  for  six  relative 
wave  directions  were  subjected  to  the  irregular  wave  spectra  defined  above  and  the  single 
significant  response  amplitudes  were  computed.  The  results  were  plotted  against  the  wave 
direction  as  in  [15]  and  are  shown  in  Figures  4.4  a  and  b.  The  comparison  shows  that,  in 
general,  the  motions  compare  well.  It  must  be  noted  that  some  difference  is  expected  as 
the  spectral  formulations  are  not  the  same,  but  the  wave  height  and  modal  period  are  the 
same  so  that  the  distribution  of  the  wave  energy  over  the  range  of  frequencies  is  the  same. 

Tables  4.1  through  4.6  summarize  the  results  of  the  motion  comparisons  for  the  options  and 
configurations  analyzed  in  both  nominal  and  extreme  sea  states.  The  same  data  is 
presented  in  graphical  form  in  Appendix  B.  The  numbers  in  the  tables  represent  single 
significant  amplitudes  of  all  six  modes  of  motions  for  four  relative  wave  directions. 
Comparisons  between  monohull  and  catamaran  forms  can  easily  be  made  between  the  left 
and  right  sides  of  the  tables.  It  can  be  seen  that  there  is  very  little  difference  in  motions 
between  the  hull  forms  for  all  three  barge  lengths  in  both  sea  states. 

Typical  variation  of  motions  with  wave  height  can  be  seen  by  examining  the  tables  of 
motions  for  the  single  40  ft  module.  Tables  4.1  and  4.2.  The  increase  in  amplitude  of 
motions  is  less  a  linear  increase  with  wave  height.  Surge,  sway,  and  heave  modes  increase 
in  amplitude  by  as  much  as  100%,  independent  of  wave  direction,  between  the  two  wave 
heights.  Pitch  and  roll  modes  increase  by  50%  and  60%  in  head  and  beam  seas 
respectively.  Similar  variations  are  observed  with  all  three  hull  lengths. 

Comparisons  of  motions  between  the  40  and  80  ft  hulls  show  that  surge  and  sway  motions 
decrease  by  10%  to  30%  while  heave  motions  decrease  by  40%  in  head  seas  and  only  2% 
in  beam  seas.  A  50%  reduction  in  pitch  response  is  indicated  while  no  significant  roll 
reduction  is  seen  in  beam  seas.  The  latter  result  is  expected  as  the  80  ft  hull  and  the  40  ft 
hull  have  the  same  beam  and  draft. 
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TABLE  4.1 

MOTION  PREDICTION  OF  40*  MODULES 

SEA  STATE  2.5 

Significant  Wave  Height  =  3  ft 

Modal  Period  =  5  s 


MONOHULL  TWIN  HULL 


Wave  Heading 

0° 

30° 

0 

O 

CD 

CD 

O 

o 

0° 

o 

O 

CO 

O 

O 

CD 

CO 

o 

o 

0.34 

0.20 

0.09 

wm 

0.09 

0.00 

0.00 

0.15 

0.41 

■m 

0.00 

0.42 

0.81 

Heave,  ft 

1.02 

1.07 

1.20 

1.27 

1.03 

1.08 

1.17 

1.24 

Pitch,  deg 

4.66 

4.25 

2.69 

0.00 

4.98 

4.41 

2.70 

0.00 

Roll,  deg 

0.00 

2.05 

5.13 

7.53 

0.00 

2.02 

5.10 

7.48 

Yaw,  deg 

0.00 

0.91 

1.80 

0.00 

0.00 

1.70 

0.00 

ATTACHED  PERFORATED  PLATE  WITH  40%  HOLES 
MONOHULL 


Wave  Heading 

0° 

o 

O 

CO 

60° 

CD 

O 

0 

Roll  Motion,  deg 

2  ft  Plates 

0.00 

1.61 

2.73 

3.19 

4  ft  Plates 

0.00 

1.56 

2.61 

3.05 

WITH  6"  DIA.  TRUSS  -  STRUCTURE  BETWEEN  HULLS 
_  TWIN  HULL 


Wave  Heading 

0 

O 

G) 

0 

O 

CD 

0 

O 

CO 

o 

o 

Motion 

0.98  1.00  1.15  1.20 

Heave,  ft 

Pitch,  deg 

4.51  4.31  2.53  0.00 

WITH  PASSIVE  ROLL  TANK 

MONOHULL 


Wave  Heading 

90° 

Motion 

5.41 

Roil,  deg 
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TABLE  4.2 

MOTION  PREDICTION  OF  40'  MODULES 

SEA  STATE  5 

Significant  Wave  Height  =  1 0.0  ft 
Modal  Period  =  9.1s 


MONOHULL  TWIN  HULL 


Wave  Heading 

0° 

30” 

o 

O 

CD 

CD 

O 

0 

0” 

0 

O 

CO 

0 

O 

CD 

CD 

O 

0 

Motion 

Surge,  ft 

0.73 

0.42 

0.18 

0.00 

0.71 

0.40 

0.17 

0.00 

Sway,  ft 

0.00 

0.32 

0.86 

1.59 

0.00 

0.32 

0.84 

0.00 

Heave,  ft 

2.19 

2.25 

2.40 

2.47 

2.21 

2.26 

2.37 

2.43 

Pitch,  deg 

7.10 

6.33 

3.87 

0.00 

7.40 

6.51 

3.88 

0.00 

Roll,  deg 

0.00 

3.27 

7.13 

9.73 

0.00 

3.22 

7.07 

9.64 

Yaw,  deg 

0.00 

1.90 

3.49 

0.00 

0.00 

1.70 

3.39 

0.00 

ATTACHED  PERFORATED  PLATE  WITH  40%  HOLES 
MONOHULL 


Wave  Heading 

0” 

0 

o 

CO 

G) 

O 

o 

90“ 

Roll  Motion,  deg 

2  ft  Plates 

0.00 

2.83 

4.74 

5.47 

4  ft  Plates 

0.00 

2.77 

4.58 

5.27 

WITH  6”  DIA.  TRUSS  -  STRUCTURE  BETWEEN  HULLS 

TWIN  HULL 


Wave  Heading 

0 

O 

o> 

o 

O 

CD 

o 

O 

CO 

o 

o 

Motion 

2.18  2.20  2.24  2.34 

Heave,  ft 

Pitch,  deg 

6.90  6.11  3.62  0.00 
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TABLE  4.3 

MOTION  PREDICTION  OF  80’  MODULES 

SEA  STATE  2.5 

Significant  Wave  Height  =  3.0  ft 

Modal  Period  =  5.0  s 


MONOHULL  TWIN  HULL 


Wave  Heading 

0° 

30° 

o 

O 

CD 

CD 

O 

o 

0° 

o 

O 

00 

O 

O 

CD 

90° 

Motion 

Surge,  ft 

0.30 

0.18 

0.07 

0.00 

0.29 

0.18 

0.08 

0.00 

Sway,  ft 

0.00 

0.11 

0.34 

0.76 

0.00 

0.12 

0.34 

0.77 

Heave,  ft 

0.57 

0.67 

1.30 

0.57 

0.67 

0,99 

1.26 

Pitch,  deg 

2.18 

2.23 

1.99 

0.00 

2.25 

2.30 

1.92 

0.00 

Roll,  deg 

0.00 

1.05 

3.04 

7.50 

0.00 

1.23 

2.99 

7.48 

Yaw,  deg 

0.00 

0.82 

1.51 

0.00 

0.00 

0.82 

1.50 

0.00 

ATTACHED  PERFORATED  PLATE  WITH  40%  HOLES 

MONOHULL 


Wave  Heading 

0° 

30° 

o 

O 

CD 

CD 

O 

o 

Roll  Motion,  deg 

2  ft  Plates 

0.00 

0.94 

2.23 

3.19 

4  ft  Plates 

0.00 

0.93 

2.16 

3.05 

WITH  6"  DIA.  TRUSS  -  STRUCTURE  BETWEEN  HULLS 

_  TWIN  HULL 


Wave  Heading 

0°  30°  60°  90° 

Motion 

0.50  0.65  0.95  1.11 

Heave,  ft 

Pitch,  deg 

2.20  2.27  1.84  0.00 

ACB  Lighter  Development 
CLIN  0001AC  Final  Report 


33 


K/iCRNER 


Kvaerner  Masa  Marine  Inc. 


TABLE  4.4 

MOTION  PREDICTION  OF  80*  MODULES 

SEA  STATE  5 

Significant  Wave  Height  =  10.0  ft 
Modal  Period  =  9.1  s 


MONOHULL  TWIN  HULL 


Wave  Heading 

0° 

0 

O 

CO 

o 

O 

CD 

CD 

O 

o 

0° 

0 

O 

CO 

0 

O 

CO 

CD 

O 

o 

Motion 

Surge,  ft 

1.71 

0.94 

0.28 

0.00 

1.70 

0.92 

0.26 

0.00 

Sway,  ft 

0.00 

0.61 

1.50 

2.50 

0.00 

0.60 

1.50 

2.30 

Heave,  ft 

3.30 

3.50 

3.97 

4.30 

3.30 

3.51 

3.95 

4.24 

Pitch,  deg 

6.20 

5.70 

3.96 

0.00 

6.26 

5.78 

3.91 

0.00 

Roll,  deg 

0.00 

2.95 

6.50 

10.90 

0.00 

3.08 

6.45 

10.80 

Yaw,  deg 

0.00 

2.40 

4.20 

0.00 

0.00 

2.30 

4.20 

0.00 

ATTACHED  PERFORATED  PLATE  WITH  40%  HOLES 

MONOHULL 


Wave  Heading 

0° 

o 

0 

60° 

CD 

O 

0 

Roll  Motion,  deg 

2  ft  Plates 

0.00 

2.82 

5.57 

6.98 

4  ft  Plates 

0.00 

2.80 

5.47 

6.80 

WITH  6"  DIA.  TRUSS  -  STRUCTURE  BETWEEN  HULLS 


TWIN  HULL 


Wave  Heading 

0 

O 

a> 

o 

O 

CD 

0 

O 

CO 

0 

O 

Motion 

2.95  3.12  3.78  4.00 

Heave,  ft 

Pitch,  deg 

5.80  5.52  3.87  0.00 
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TABLE  4.5 

MOTION  PREDICTION  OF  120*  MODULES 

SEA  STATE  2.5 

Significant  Wave  Height  =  3.0  ft 

Modal  Period  =  5.0  s 


MONOHULL  TWIN  HULL 


Wave  Heading 

0“ 

30” 

60° 

CD 

O 

o 

0° 

30° 

60° 

CO 

o 

o 

Motion 

Surge,  ft 

0.28 

0.15 

0.04 

0.24 

0.13 

0.06 

Sway,  ft 

0.00 

0.08 

0.29 

0.70 

0.00 

0.09 

0.30 

0.70 

Heave,  ft 

0.30 

0.39 

0.77 

1.24 

0.29 

0.38 

0.76 

Pitch,  deg 

1.10 

1.24 

1.44 

1.12 

1.26 

1.43 

0.00 

0.65 

2.27 

7.30 

0.00 

0.66 

2.25 

0.00 

0.77 

1.37 

0.00 

0.00 

0.76 

1.37 

0.00 

ATTACHED  PERFORATED  PLATE  WITH  40%  HOLES 

MONOHULL 

Wave  Heading 

1  0° 

o 

o 

60° 

90° 

Roll  Motion,  deg 

2  ft  Plates 

0.58 

1.70 

3.18 

4  ft  Plates 

0.00 

0.57 

1.65 

3.00 

TWO  120  FOOT  MODULES  CONNECTED  SIDE-TO-SIDE 

MONOHULL 

Wave  Heading 

0° 

30° 

0 

O 

CO 

CD 

O 

o 

Motion 

Surge,  ft 

0.28 

0.19 

0.13 

0.00 

Sway,  ft 

0.00 

0.21 

0.52 

0.92 

Heave,  ft 

0.32 

0.39 

0.61 

0.96 

Pitch,  deg 

1.20 

0.88 

0.00 

Roll,  deg 

0.00 

0.53 

4.00 

Yaw,  deg 

0.00 

0.39 

0.31 

0.00 
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TABLE  4.6 

MOTION  PREDICTION  OF  120*  MODULES 

SEA  STATE  5 

Significant  Wave  Height  =  10.0  ft 
Modal  Period  =  9.1  s 


MONOHULL  TWIN  HULL 


Wave  Heading 

0° 

o 

o 

CO 

o 

O 

CD 

90° 

0° 

o 

O 

CO 

60° 

CD 

O 

o 

Motion 

Surge,  ft 

2.90 

1.32 

0.22 

0.00 

2.80 

1.31 

0.21 

0.00 

Sway,  ft 

0.00 

0.84 

1.57 

2.67 

0.00 

0.83 

1.55 

2.59 

Heave,  ft 

3.10 

3.42 

4.16 

4.74 

3.11 

3.41 

4.17 

4.74 

Pitch,  deg 

5.00 

4.83 

3.59 

0.00 

5.07 

4.82 

3.59 

0.00 

Roll,  deg 

0.00 

2.37 

5.79 

11.00 

0.00 

2.36 

5.78 

11.00 

Yaw,  deg 

0.00 

5.70 

8.10 

0.00 

0.00 

5.30 

7.90 

0.00 

ATTACHED  PERFOREATED  PLATE  WITH  40%  HOLES 

MONOHULL 

Wave  Heading 

0° 

0 

O 

CO 

o 

O 

CD 

CD 

O 

o 

Roll  Motion,  deg 

2  ft  Plates 

0.00 

2.33 

5.19 

7.20 

4  ft  Plates 

0.00 

2.30 

5.10 

7.00 

TWO  120  FOOT  MODULES  CONNECTED  SIDE-TO-SIDE 

MONOHULL 

Wave  Heading 

0° 

0 

O 

CO 

60° 

CD 

O 

0 

Motion 

Surge,  ft 

1.21 

1.07 

0.64 

0.00 

Sway,  ft 

0.00 

0.90 

1.17 

5.44 

Heave,  ft 

1.81 

3.36 

3.75 

4.44 

Pitch,  deg 

5.02 

4.69 

2.70 

0.00 

Roll,  deg 

0.00 

2.29 

4.20 

8.23 

Yaw,  deg 

0.00 

2.71 

2.28 

0.00 
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Comparisons  of  motions  between  a  single  120  ft  hull  and  two  120  ft  hulls  connected  side-to- 
side  (Tables  4.5  and  4.6)  shows  very  little  change  for  head  sea  directions.  For  the  oblique 
sea  directions  and  beam  seas,  however,  the  results  show  reductions  between  20%  and 
40%  for  all  modes  of  motion.  The  largest  effects  are  for  pitch  in  oblique  conditions  and  for 
roll  in  beam  sea  conditions,  as  would  be  expected. 

The  perforated  plate  appendages  were  modeled  on  all  three  hull  lengths  for  the  monohull 
configuration.  In  the  nominal  SS  2.5,  roll  reductions  obtained  were  in  the  range  of  10%  to 
57%,  while  the  extreme  operating  condition,  corresponding  reductions  were  2%  to  35%. 
From  the  above  results,  the  effectiveness  of  these  appendages  to  reduce  roll  motions  was 
established. 

The  arrangement  of  open  truss  on  the  catamaran  form  is  primarily  aimed  at  providing 
additional  damping  in  heave  and  pitch  modes  of  motion.  These  effects  produced  heave 
motion  reductions  in  the  range  of  2%  to  5%  and  pitch  motion  reductions  in  the  range  of  3% 
to  10%. 

The  results  of  the  analysis  of  the  effects  of  a  passive  tank  are  included  in  Table  4.1.  It  can 
be  seen  that  the  roll  reduction  is  approximately  30%.  The  passive  tank  is  most  effective  at 
small  roll  angles  and  less  effective  for  higher  sea  states  which  involve  larger  roll  angles. 

AQWA  output  documentation  together  with  sample  calculations  are  provided  in  Appendix  B. 

Implementing  a  passive  tank  system  is  likely  to  have  detrimental  effects  on  other  aspects  of 
the  ACB  design.  The  structure  of  the  tank  itself  will  add  weight  to  the  system.  It  is  assumed 
that  any  motion  reductions  from  the  tank  would  only  be  useful  in  an  unloaded  condition 
during  connections.  Therefore,  in  order  to  avoid  carrying  around  the  tank  water  during  the 
loaded  operation  of  the  ACB,  some  sort  of  deballasting  system  would  be  required  which 
would  add  to  the  complexity  and  deployment  times. 

If  any  of  the  above  options  are  to  be  implemented,  all,  with  the  exception  of  the  passive  roll 
tank,  are  likely  to  have  some  effect  on  the  resistance  characteristics  of  the  ACB  system.  A 
set  of  analyses  were  undertaken  to  estimate  the  magnitude  of  these  effects.  Calculations 
are  included  in  Appendix  G. 

For  the  monohull/catamaran  comparison  the  resistance  for  each  is  estimated  at  the  light 
unloaded  draft  condition,  since  this  is  the  draft  at  which  the  twin-hull  form  is  likely  to  show 
any  resistance  differences.  Using  the  resistance  methodology  described  in  more  detail  in 
Section  4.3.4,  it  was  estimated  that  the  catamaran  form  at  unloaded  draft  could  be  expected 
to  have  about  10%  less  resistance  than  the  monohull  form.  However  in  a  loaded  condition 
the  resistance  is  likely  to  be  about  the  same  as  the  monohull. 

The  estimate  of  the  effects  of  open  truss  elements  on  resistance  was  determined  by 
calculating  the  pressure  drag  on  the  truss  elements  as  cylinders,  using  a  drag  coefficient  of 
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1.2.  The  results  indicated  that  the  truss  element  could  be  expected  to  impose  a  severe 
resistance  penalty,  with  the  resistance  of  one  set  of  truss  elements  amounting  to 
approximately  30%  of  the  total  monohull  resistance  at  full  load.  Considering  all  sets  of  truss 
elements  would  result  in  the  truss  drag  dominating  the  total  resistance. 

The  estimate  of  the  drag  of  the  attached  perforated  plates  indicates  that  in  a  deployed 
position  the  plates  could  be  expected  to  add  about  1 0%  resistance  to  the  ACB  form.  It 
should  be  noted  that  implementation  of  this  option  would  likely  include  a  means  of  retracting 
the  plates  prior  to  operation  as  a  ferry  or  barge,  in  which  case  the  plates  would  impose  no 
additional  resistance. 

Based  on  the  results  presented  above  it  is  clear  that  only  the  perforated  plate  option  has 
any  significant  merit.  The  catamaran  form  itself  showed  insignificant  reduction  in  motions  as 
did  the  implementation  of  a  truss  system.  As  well  any  truss  system  was  shown  to  likely 
have  a  serious  detrimental  effect  on  resistance.  The  passive  roll  tank  could  be  designed  to 
have  positive  effects  however  it  would  be  likely  add  weight  and  significant  complexity  to  the 
system.  The  perforated  plate  concept  shows  definite  promise  as  a  mean  of  reducing 
motions.  The  configuration  analyzed  was  limited  to  an  orientation  effective  in  roll  and  sway 
only,  due  to  the  limitations  of  the  empirical  data  available.  It  is  likely  that  other  orientations 
could  be  devised  to  help  to  reduce  other  modes  of  motion  as  well,  with  equal  effect. 

4.2  Conceptualization 

The  underlying  philosophy  of  the  ACB  system  concept  provides  a  fairly  rigid  constraint  on 
the  module  development  from  the  standpoint  of  overall  dimensions  and  end  forms.  Within 
the  specified  maximums,  as  discussed  in  Section  3.5,  of  40  foot  overall  length,  24  foot 
overall  breadth,  and  8  foot  depth,  the  obvious  simplest  configuration  is  a  rectangular  box 
form.  This  form  has  been  taken  as  being  a  baseline. 

A  conceptualization  process  was  undertaken  with  an  objective  of  identifying  any  features  or 
other  module  system  concepts  that  may  warrant  a  significant  deviation  form  the  baseline 
rectangular  form.  This  conceptualization  took  the  form  of  a  brainstorming  session  during 
which  alternatives  for  modular  concepts  were  put  forward. 

Appendix  C  provides  sketches  and/or  brief  descriptions  of  the  ideas  presented  during  the 
session.  The  ideas  presented  cover  a  wide  spectrum  of  topics  not  limited  to  specific  module 
types  within  the  ACB  ISO  modularity  limitations.  Most  of  these  were  felt  to  contain  features 
that  would  necessarily  put  them  well  outside  the  scope  of  the  current  development.  Three 
conceptual  module  forms,  shown  in  Figures  4.5,  4.6,  and  4.7  ,  were  considered  to 
have  potential  beneficial  attributes  and  were  evaluated  further.  These  are; 

•  Concept  1  -  flat  cargo  deck  supported  on  three  tubular  steel  "pipe"  hull  forms.  This 
concept  was  inspired  by  commercial  breakwater/dock  applications  that  were  identified 
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WEB  FRAME 
AT  8  FEET 


CONCEPT  1 


FIGURE  4.5 

TUBULAR  HULL  MODULE  CONCEPT 
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FIGURE  4.6 

"COMMERCIAL  DOCK"  MODULE  CONCEPT 
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CONCEPT  3 


FIGURE  4.7 

SEMI-SUBMERSIBLE  BUOYANCY  CONCEPT 
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in  the  Technology  Review  and  was  felt  to  potentially  provide  benefits  principally  in 
improved  motions  characteristics  as  well  as  ease  in  further  breaking  down  the  module 
into  8  foot  pieces; 

•  Concept  2  -  flat  cargo  deck  supported  on  a  truss  frame  and  a  set  of  independent  plastic 
buoyancy  compartments.  This  concept  was  inspired  by  commercial  dock  systems  and 
was  felt  to  offer  potential  advantages  in  weight  and  possibly  reduced  motions; 

•  Concept  3  -  "semi-submersible"  module  consisting  of  a  non-tig ht  deck  supported  on 
watertight  tubular  struts  and  a  watertight  chamber.  This  concept  was  inspired  by  the 
well  know  superior  motions  characteristics  of  offshore  semi-submersible  structures. 

Evaluation  of  these  concepts  included  identifying  the  load  carrying  capacity  at  a  standard 
defined  loaded  freeboard  of  3  feet,  as  well  as  potential  advantages  and  disadvantages 
relative  to  the  baseline  module  form.  Brief  descriptions  of  these  evaluations  follow. 

Concept  1  was  estimated  to  have  about  the  same  weight  as  the  baseline  configuration  but 
with  only  about  65%  of  the  displacement  capacity  (a  block  coefficient  of  0.65).  Therefore, 
fully  loaded  this  concept  would  operate  with  less  than  3  feet  of  freeboard.  The  concept  was 
felt  to  have  the  potential  for  increased  damping  and  therefore  reduced  motions  with  it's  three 
tubular  hulls.  It  was  expected  to  exhibit  low  resistance  at  lightly  loaded  conditions  but  to 
have  a  severe  resistance  penalty  once  the  transverse  web  plates  become  submerged  at 
deeper  drafts.  The  concept  would  be  easy  to  breakdown  into  8  foot  breadth  pieces  and  was 
felt  to  be  less  susceptible  to  damage  in  operation. 

Concept  2  was  estimated  to  have  about  half  the  weight  of  the  baseline  concept  with  about 
80%  of  the  displacement  capacity  (a  block  coefficient  of  0.78).  Therefore,  the  concept 
would  have  greater  than  4  feet  of  freeboard  in  a  fully  loaded  condition.  This  concept  was 
also  felt  to  have  potential  for  reduced  motions,  reduced  susceptibility  to  damage  with  a 
greatly  reduced  effect  of  that  damage.  It  was  also  felt  to  provide  means  of  breakdown  into 
smaller  sections.  The  concept  was  felt  to  have  a  resistance  penalty  at  all  drafts. 

Concept  3  was  estimated  to  have  about  70%  of  the  weight  of  the  baseline  module  but  only 
30%  of  the  displacement  capacity.  This  means  that  this  concept  would  not  be  able  to  carry 
the  full  load.  It  was  felt  that  if  an  altered  configuration  could  be  developed  where  additional 
buoyancy  could  be  provided  for  deeper  loaded  draft  conditions,  that  the  concept  would 
provide  significant  advantages  in  terms  of  superior  motions 

Based  on  these  evaluations,  only  Concept  2  has  potential,  mostly  from  a  significant 
reduction  in  weight.  The  concept  would  represent  a  significant  departure  from  the  direction 
of  the  current  development,  and  several  aspects  would  require  to  be  proved.  This  may 
warrant  further  study,  but  was  not  felt  to  provide  cause  for  deviation  from  the  baseline  form. 
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The  brainstorming  session  also  identified  several  simple  modifications  to  the  baseline 
module  that  were  perceived  to  hold  potential  advantages.  These  are: 

•  the  use  of  corrugated  panels  for  shell  and  bulkheads  to  replace  the  panel  stiffeners 
typical  of  barge  construction.  This  was  proposed  as  a  means  of  reducing  the  structural 
weight  and  to,  in  certain  aspects  simplify  construction; 

•  the  addition  of  flare  or  deadrise  to  the  hullform  as  a  potential  means  of  reducing 
motions. 

Evaluation  of  the  corrugated  panel  concept  from  a  weight  standpoint  is  discussed  in  Section 
4.3.2.  Evaluation  of  the  application  of  flare  or  deadrise  is  discussed  in  Section  4.3.5  on 
module  motions. 

4.3  Concept  Design 

4.3.1  Structure 


General  Methodology. 

The  structure  for  the  modules  is  generally  developed  from  the  philosophy  of  typical  barge 
configuration  and  construction  practice  considerations.  This  is  a  reasonable  approach  since 
the  primary  mission  of  the  ACB  system  is  consistent  with  deck  cargo  barge  operations.  The 
structural  analysis  is  developed  working  from  a  general  definition  of  scantlings  and  following 
a  process  that  provides  a  review  of  the  structure  under  more  specific  analysis  relating  to 
actual  ACB  operational  loading  conditions. 

The  initial  scantlings  for  the  module  have  been  developed  using  ABS  Rules  [9]  for  vessels  in 
service  on  rivers  and  intercoastal  watenways.  These  rules  are  empirically  based  and  in 
general  provide  conservative  plate  thicknesses  and  stiffener  scantlings  using  statistically 
derived  values  based  on  main  dimensions.  For  the  purposes  the  ACB  structural  analysis  a 
rigid  barge  of  120  foot  x  24  foot  x  8  foot  dimensions  was  used.  These  rules  provide  plate 
thickness  for  bottom  and  side  shells,  transom,  headlog,  and  bulkhead;  as  well  as  section 
modulus  requirements  for  stiffeners  and  other  supporting  structure  for  shell  and  bulkheads. 
For  the  deck  plate  thickness,  initial  scantlings  were  developed  using  ABS  Rules  for  Steel 
Barges  [1 0]  which  allow  for  an  application  of  a  dynamic  factor  that  accounts  for  sea 
conditions,  typical  of  open  ocean  operations.  For  deck  beams  and  girders,  scantlings  were 
developed  using  direct  calculation  methods  using  dynamic  factors  for  applicable  loads. 

The  initial  scantlings  for  the  module  as  developed  above  were  then  reviewed  subject  to 
specific  loading  conditions  that  relate  to  ACB  cargoes  and  loading  conditions.  These 
included: 

•  review  of  the  deck  panels  from  a  standpoint  of  allowable  permanent  set  (plastic 
deformation  resulting  in  panel  dishing)  under  the  RTCH  wheel  loads. 
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.  strength  and  stability  of  the  bulkheads  under  wheel  loads, 

.  global  loading  and  strength  of  a  120  foot  unit  on  a  wave, 

•  review  of  the  bottom  shell  against  hydrostatic  loading, 

•  loads  due  to  a  stacked  stowage  arrangement  and  due  to  lifting. 

Structural  Arrangement. 

The  structural  arrangement  has  been  defined  based  on  several  factors  including: 

•  typical  barge  construction  arrangements, 

•  compatibility  with  ISO  modularity  considerations, 

•  watertight  compartmentation  for  damage  stability, 

•  global  strength, 

•  structural  weight. 

ISO  modularity  considerations  suggested  that  an  8  foot  grid  of  major  structure  be 
considered.  This  allows  for  even  spacing  both  in  the  longitudinal  and  transverse  directions. 
In  addition  to  the  normal  level  of  transverse  subdivision,  damage  stability  considerations 
(see  Sections  3.5  and  4.3.3)  require  some  longitudinal  subdivision  to  limit  the  transverse 
extent  offloading  after  damage. 

From  a  global  strength  standpoint  the  preference  would  be  for  a  longitudinal  framing 
system,  i.e.  longitudinally  oriented  deck  beams  and  shell  stiffeners,  for  a  long  shallow  hull 
form  such  as  a  120  foot  unit. 

Weight  considerations  indicate  that  a  transverse  framing  system  will  likely  be  slightly  heavier 
than  a  longitudinal  framing  system  (see  discussion  which  follows  in  Section  4.3.2). 

Based  on  these  considerations  the  proposed  structural  arrangement  consists  of : 

•  deck  and  bottom  shell  supported  by  longitudinally  oriented  beams  and  stiffeners, 

.  beams  and  stiffeners  supported  by  major  structure  (transverse  girders  or  transverse 
bulkheads)  spaced  at  8  feet, 

•  transverse  girders  supported  by  longitudinal  bulkheads  located  4  feet  off  center  port 
and  starboard. 

This  arrangement  provides  an  even  span  distribution  for  the  major  structure  and  effectively 
provides  substantial  bulkhead  structure  in  way  of  the  heaviest  loaded  section  of  the  deck, 
i.e.  under  rolling  stock  track  and  wheel  loads.  This  structure  also  will  serve  to  support  lifting 
loads  placed  on  the  ISO  container  corner  fittings  and  for  stowage  loads  that  may  be 
imposed  on  the  container  cell  recesses. 

Materials. 

The  use  of  marine  grade  steels  is  assumed  throughout.  As  a  weight  saving  measure,  high 
strength  steel,  with  a  nominal  yield  strength  of  51  ksi,  is  used  for  the  heavily  load  structure 
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of  the  deck.  Ordinary  strength  steel,  with  a  nominal  yield  strength  of  34  ksi,  is  used  for  the 
remainder  of  the  structure. 

Deck  Design  Results. 

The  governing  loads  for  the  deck  plate  and  supported  structure  are  from  the  rolling  stock 
wheel  loads  which  amount  to  the  highest  local  loads  that  the  module  structure  is  required  to 
bear.  In  particular  the  wheel  load  for  the  RICH,  of  75,000  pounds,  is  the  heaviest  load  and 
is  used  to  size  the  deck  beams  and  deck  transverses. 

The  philosophy  for  design  of  the  deck  plate  involved  sizing  the  deck  plate  using  ABS  Steel 
Barge  rules  [10]  with  the  load  for  the  Heavy  Cargo  Truck  (as  defined  in  the  Sealift  COR  [2]). 
This  analysis  would  ensure  that  no  yielding  or  plastic  deformation  occurs  under  this  loading 
with  an  ABS  defined  dynamic  factor  applied.  The  deck  plate  would  then  be  reviewed  from 
the  standpoint  of  estimating  the  amount  of  cumulative  permanent  set  as  a  result  of  loading 
over  time  that  the  plate  would  develop  under  the  higher  RTCH  wheel  loading. 

The  ABS  calculation  indicated  that  under  Heavy  Cargo  Truck  wheel  loads,  1/4"  thick  deck 
plate  on  a  12"  beam  spacing  would  be  required.  This  assumes  the  use  of  high  strength 
steel  as  mentioned  above.  Estimations  of  permanent  set  were  developed  using  design 
curves  given  in  Hughes  [19].  These  curves  provide  a  method  for  estimation  of  permanent 
set  developed  in  a  plate  panel  over  prolonged  application  of  a  wheel  load  at  any  orientation 
to  the  deck  panel.  In  any  application  of  this  method  the  most  that  can  be  derived  are 
bounds  on  the  level  of  permanent  set  to  be  expected. 

This  approach,  using  1/4"  deck  plate  under  the  RTCH  loading,  indicated  that  the  total 
cumulative  permanent  set  would  be  much  less  than  1/8".  Based  on  this  result  it  was 
decided  to  investigate  the  level  of  permanent  set  if  a  24"  beam  spacing  were  used.  The 
results  of  the  analysis  indicated  that  for  1/4"  high  strength  steel  the  cumulative  permanent 
set  would  be  much  less  than  3/16"  under  the  Heavy  Cargo  Truck  wheel  loads  and  between 
3/16"  and  3/8"  inch  under  the  RTCH  loading.  Given  the  nature  of  the  analysis  these  levels 
were  felt  to  be  reasonable  for  the  following  reasons: 

•  the  analysis  itself  is  conservative  being  based  on  a  cumulative  total  over  time  with  the 
load  in  any  orientation.  The  most  likely  orientation  is  longitudinally  which  is  the  least 
severe  for  loading, 

•  the  wheel  patch  size  as  derived  from  the  Sealift  COR  is  conservative, 

•  these  levels  of  permanent  set  will  cause  no  degradation  of  structural  performance. 

It  should  be  noted  that  the  change  in  beam  spacing  from  12  inches  to  24  inches  results  in  a 
significant  weight  saving. 
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As  a  point  of  comparison,  the  present  NL  system  modules  have  3/16"  plate  on  an 
approximate  21"  beam  spacing.  This  results  in  a  larger  slenderness  ratio,  panel  width  to 
thickness,  than  for  1/4"  thickness  on  24"  spacing. 

Deck  beams  and  deck  transverse  girders  are  all  designed  to  carry  the  RTCH  load  and  are 
sized  to  keep  stresses  within  the  allowable  level  previously  discussed. 

Global  Strength. 

Global  strength  of  the  ACB  lighter  system  has  been  analyzed  using  a  classical  naval 
architecture  approach.  Hull  girder  shear  and  bending  moment  estimations  are  made  for 
specific  loading  conditions  derived  from  the  cargo  types  discussed  in  Section  3.4  with  the 
hull  in  still  water  and  wave  conditions.  For  wave  conditions  the  120  foot  hullform  was 
balanced  on  a  "L/20"  wave.  A  "l_/20"  wave  is  a  theoretical  worst  case  wave  that  has  a  wave 
length  the  same  as  the  length  of  the  hull  and  a  wave  height  of  1/20  th  of  the  hull  length, 
usually  of  a  trochoidal  profile.  For  120  foot  rigid  unit  this  results  in  a  wave  120  feet  long 
crest  to  crest  and  6  feet  high  crest  to  trough. 

Loading  conditions  analyzed  included: 

•  a  single  M1A1  tank  in  still  water, 

•  3  -  M1A1  tanks  even  spaced  along  the  120  foot  length  in  still  water, 

•  3  -  Ml  A1  tanks  closely  spaced  amidships  in  still  water, 

•  3  -  Ml  A1  tanks  closely  spaced  amidships  on  a  sagging  wave  (trough  amidships), 

•  2  -  Ml  A1  tanks  at  ends  on  a  hogging  wave  (crest  amidships). 

The  loading  condition  resulting  in  the  largest  moment  was  the  3-  M1A1  tanks  on  a  sagging 
wave.  The  load,  shear  and  moment  distributions  are  shown  in  Figure  4.8. 

Primary  stress  (hull  girder  bending  stress)  is  calculated  by  applying  the  maximum  moment 
to  the  hull  girder  section  modulus  for  the  midship  section  or  any  other  section  of  interest.. 

Dynamic  Factors. 

A  dynamic  factor  of  1 .5,  to  account  for  sea  state,  has  been  taken  into  account  in  analysis  of 
the  ACB  structure.  This  factor  is  the  same  as  use  by  ABS  steel  barge  rules  for  design  of 
decks.  As  a  check  of  this,  dynamic  factors  have  been  estimated  using  DOD  Standard  1399 
[20]  which  gives  formula  for  vertical,  transverse,  and  longitudinal  accelerations  as  a  function 
of  sea  conditions.  These  accelerations  are  shown  in  Figure  4.9  and  range  from  1 .2  to  1 .3 
g.  Therefore  the  use  of  1 .5  dynamic  factor  is  reasonable. 
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FIGURE  4.8 

LOAD,  SHEAR,  AND  MOMENT  DISTRIBUTIONS 
3  -  M1A1  Tanks  on  a  Sagging  Wave 
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FIGURE  4.9 

DYNAMIC  LOAD  FACTORS 
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Check  of  Structure  to  Specific  Loading. 

Strength  and  stability  of  the  bulkheads  under  RICH  loading  have  been  checked  using  Navy 
Design  Data  sheet  DDS  100-4  [21]  for  guidance.  The  scantlings  provided  for  the  ACB 
provide  sufficient  strength. 

Stowage  loads  on  the  module  have  been  checked  by  calculating  the  load  carried  by  the 
lowest  stowed  module  in  a  stacked  configuration  assuming  4  other  modules  stacked  above 
it  and  including  a  dynamic  factor  of  1 .3  to  account  for  accelerations  of  the  transport  ship. 
This  load  was  assumed  to  be  carried  only  on  the  ISO  container  corner  fittings  and  resisted 
by  a  limited  area  of  module  plate  structure.  Both  of  these  assumptions  are  bonservative. 

Lifting  loads  have  been  estimated  from  the  weight  of  a  single  module  with  dynamic  factors 
included  to  account  for  transport  ship  motions  and  crane  accelerations.  Again  the  load  is 
assumed  to  be  carried  by  a  limited  of  module  plate  structure  as  a  tension  load. 

Resulting  Scantlings. 

Table  4.7  lists  the  resulting  scantlings  for  the  ACB  module.  It  should  be  noted  that  the  end 
plating  of  the  modules  as  well  as  that  plating  for  the  rake  on  the  end  module,  has  been 
increased  to  5/16".  This  is  to  provide  additional  insurance  against  damage  in  these 
vulnerable  regions.  Figure  4.10  shows  a  typical  midship  section.  Full  calculations 
documenting  the  structural  analysis  are  included  in  Appendix  D.  Structural  scantling 
drawings  for  both  the  center  and  end  modules  are  also  provided  in  the  appendix. 

4.3.2  Weight  Estimate 

As  defined  in  Section  3.2  the  module  weight  for  the  ACB  system  is  limited  to  30  LT  (67200 
pounds)  to  allow  transportation  and  deployment  in  a  manner  typical  of  a  standard  40  foot 
ISO  container.  A  weight  estimate  has  been  developed  using  a  SWBS  (Ship  Work 
Breakdown  Structure)  format.  This  provides  estimates  of  weights  for  structure  and 
identifiable  outfit  items.  The  difference  between  the  30  LT  limit  and  the  estimated  weight  is 
then  stated  as  a  budget  weight  for  connections  systems  which  are  not  yet  fully  defined. 

The  structural  weight  in  the  final  estimate  takes  advantage  of  some  tradeoffs  developed  for 
the  structural  arrangements  as  well  as  the  use  of  high  strength  steel  for  the  heavily  loaded 
deck  structure.  These  tradeoffs  included: 

•  the  use  of  ordinary  strength  steel  for  the  deck  vs  high  strength  steel, 

•  weight  of  longitudinal  vs  transverse  framing  system, 

•  the  use  of  corrugated  panels  to  replace  the  stiffeners  in  shell  and  bulkheads, 

•  the  use  of  a  4  web  frame  spacing  (span  for  the  longitudinal  stiffeners)  vs  a  8  foot 
spacing, 

•  the  use  of  24  inch  deck  beam  spacing  vs  12  deck  beam  spacing. 
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TABLE  4.7 

ACB  LIGHTER  STRUCTURAL  SCANTLINGS 


Plate 


Bottom  Shell  0-25 

Side  Shell  0.25 

Transom/Headlog  0.3125 

Rake  0.3125 

Bulkheads  0.25 

Deck  0.25  H36(High  Strength) 


Framing 

Bottom  Longitudinal 
Side  Longitudinal 
Bulkhead  Stiffeners 
Transom  Stiffeners 
Side/Bhd  Transverse 
Deck  Longitudinal 
Deck  Transverse  Girders 
Bottom  Tranverse 


L  5x3x5/16 
L  4x3x1 /4 
L  3x2x1 /4 
L  4x3x1 /4 
L  8x4x7/16 
FP  15x4x5/16 
FP  24x4x1/4 
FP  10x3x5/16 


H36(High  Strength) 
H36(High  Strength) 
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94’-n 


FP  10x3x5/16 


FIGURE  4.10 
MIDSHIP  SECTION 
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In  each  of  these  cases  the  option  resulting  in  the  least  weight  has  been  adopted. 

The  weight  estimate  also  includes  an  allowance  for  paint.  This  has  been  applied  as  a 
percentage  (1.5%)  of  the  structure  weight  which  is  common  practice. 

Outfit  weights  include  the  estimated  number  of  fittings  which  are  defined  and  discussed 
more  in  Section  4.3.7. 

Tables  4.8  and  4.9  give  weight  estimate  summaries  for  the  major  weight  groups  for  both  the 
center  and  end  modules.  Full  estimates  for  the  final  weights  as  well  as  the  trade-offs 
evaluated  are  included  in  Appendix  E. 

Options  for  additional  weight  savings  include: 

•  using  high  strength  steel  for  all  structure.  This  would  likely  allow  for  smaller  stiffeners 
and  transverse  web  frames  and  may  result  in  lighter  bulkhead  thicknesses.  Estimated 
savings  3000  pounds. 

.  reducing  transom  plates  from  5/16  to  1/4  inch  thickness.  Estimated  savings  900 
pounds. 

•  reduced  number  of  fittings. 

4.3.3  Stability 

As  discussed  in  Section  3.5,  stability  criteria  have  been  defined  for  the  ACB  lighter  system 
based  on  general  guidelines  for  deck  cargo  barges. 

For  intact  stability  the  criteria  contained  in  CFR  46  174  [7]  have  been  used  to  ascertain  the 
relative  safety  for  the  system.  These  criteria  require  a  minimum  righting  energy,  defined  by 
the  area  under  the  righting  arm  curve  of  15  ft  degrees  between  0  and  40  degree  or  a  lesser 
downflooding  angle.  For  the  ACB  there  are  effectively  no  downflooding  points  assuming  the 
watertight  access  hatch  is  closed  during  loaded  operations. 

For  damage  stability,  a  limited  set  of  criteria  have  been  used.  These  are: 

•  no  deck  edge  immersion, 

•  equilibrium  heel  after  damage  of  less  that  1 5  deg. 

•  positive  range  of  stability  after  damage  of  1 5  deg. 

This  limited  set  has  been  developed  from  typical  damage  criteria  that  in  general  are 
applicable  to  more  stringent  service  requirements  such  as  ocean  going  passenger  vessels 
or  naval  vessels.  Typical  references  are  CFR  46,  Solas  90,  the  MARAD  Stability  Letter,  and 
NAVSEA  DOS  079.  The  limited  set  of  criteria  defined  above  will  provide  a  measure  of  the 
relative  safety  from  a  damage  stability  standpoint. 
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TABLE  4.8 

WEIGHT  SUMMARY  FOR  CENTER  MODULE 

Group  Weight  VCG  TCG  LCG 


100  structure 

57933 

4.22 

0.03 

20 

600  Outfit 

1631 

5.2 

0.4 

20.1 

Budget  for  Connection  Systems 

7636 

4 

0 

20 

Total  Weight 

67200 

4.2 

0.0 

20.0 
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TABLE  4.9 

WEIGHT  SUMMARY  FOR  END  MODULE 


Group 


Weight  VCG  TCG  LCG 


100  Structure 
600  Outfit 


57027  4.44  0.03  22.5 

1523  5.44  0.41  19.6 
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The  no  deck  edge  immersion  condition  ensures  maintenance  of  the  maximum  waterplane 
area  after  damage.  In  most  stability  criteria  this  condition  relates  to  immersion  of  a  "margin" 
line  which  is  defined  as  3  inches  below  the  deck  edge.  For  the  ACB  system,  deck  edge 
immersion  is  an  adequate  limit. 

An  equilibrium  heel  angle  of  15  deg.  is  an  operational  safety  condition  and  ensures  that  the 
cargo  will  not  shift  and  that  personnel  can  still  move  about  the  deck  of  the  modules  if 
required. 

A  positive  range  of  15  deg.  provides  the  damage  vessel  with  an  amount  of  righting  energy 
to  withstand  the  effects  of  heel  or  roll  angles  from  environmental  or  other  causes. 

Loading  conditions  analyzed  included  the  following; 

•  a  maximum  cargo  load  condition  of  200  LT  with  a  vertical  center  of  53  inches  above  the 
deck  (intact  and  damage) 

•  an  unloaded  condition  for  a  120  foot  rigid  unit  (intact  only), 

•  an  unloaded  condition  for  a  40  foot  module  (intact  only). 

The  200  LT  maximum  load  is  defined  based  on  an  analysis  of  typical  cargo  (see  Section 
3.4).  The  vertical  center  of  gravity  for  the  load  is  based  on  the  center  of  gravity  assumed  for 
M1A1  tanks  as  given  in  the  Sealift  COR  [2]  for  the  "Tracked  Vehicle".  This  load  condition 
provides  a  worst  case  from  both  a  load  and  vertical  center  point  of  view. 

Analyzing  the  unloaded  conditions  ensure  that  the  modules  maintain  adequate  stability 
during  the  connection  process.  The  stability  analysis  for  the  loaded  condition  is  limited  to 
the  120  foot  unit  since  this  is  the  largest  operating  rigid  configuration.  A  causeway  ferry  or 
moored  causeway  made  up  of  several  flexibly  connected  120  foot  units  is  going  to  have 
greater  stability  reserve. 

Subdivision  for  the  ACB  modules  is  based  on  a  high  probability  offloading  type  damage 
occurring  and  the  likelihood  of  damage  allowing  the  flooding  of  two  adjacent  compartments. 
As  discussed  in  Section  4.3.1,  the  hull  is  subdivided  by  two  longitudinal  bulkheads 
effectively  limiting  the  transverse  extent  of  flooding.  In  addition  early  results  from  the 
damage  stability  analysis  indicated  a  need  to  limit  the  length  of  any  wing  compartment  to  16 
feet.  Therefore,  additional  partial  bulkheads  are  provided  in  the  wings. 

The  stability  analysis  is  developed  using  the  PC  based  software,  GHS.  The  analysis 
includes,  for  each  loading  condition,  balancing  the  hull  loaded  configuration  and  developing 
a  righting  arm  curve  for  the  intact  case.  For  the  maximum  load  case  this  is  followed  by  a 
sequential  damage  and  flooding  of  groups  of  two  adjacent  compartments  along  one  end 
and  a  side  of  the  120  foot  unit. 
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Figures  4.1 1  and  4.12  show  the  righting  amn  curves  for  unloaded  40  and  120  foot  hulls  in 
the  intact  condition  together  with  an  assessment  of  the  stability  criteria.  Figures  4.13  and 
4.14  show  the  righting  arm  curves  for  the  intact  and  the  worst  damage  case  of  the  maximum 
load  case.  As  can  be  seen,  the  ACB  possesses  adequate  stability. 

As  a  check  on  the  sensitivity  of  the  stability  characteristics  to  load  position,  an  additional 
load  case  was  analyzed  that  assumed  off-center  loading.  The  maximum  load  of  200  LT  was 
placed  at  a  position  1  foot  off  the  center  line.  Table  4.10  shows  the  results  for  intact  and 
damage  conditions.  For  the  intact  case  the  off-center  load  has  negligible  effect.  However 
for  the  damage  condition,  several  of  the  damage  flooding  cases  resulted  in  capsize.  These 
results  indicate  that  the  stability  of  the  ACB  system  as  configured  is  sensitive  to  loading 
position.  This  sensitivity  may  place  some  conditions  on  the  loading  practices.  Alternatively 
additional  subdivision  could  be  provided. 

Full  calculations  of  these  stability  analyses  are  included  in  Appendix  F. 

4.3.4  Resistance  and  Powering 

The  resistance/powering  characteristics  for  the  ACB  Lighter  system  have  been  developed 
using  classical  naval  architecture  methodology.  This  involved  developing  a  resistance 
prediction  by  extrapolating  the  results  of  model  scale  data  from  testing  of  a  similar  hull  form. 
Model  scale  to  full  scale  extrapolation  of  resistance  data  makes  use  of  a  methodology  for 
separation  of  the  total  resistance  into  basic  components:  residuary  or  “wave  making” 
resistance,  and  viscous  or  frictional  resistance.  Using  Froude’s  Law  of  Comparison,  the 
non-dimensionalized  residuary  resistance,  given  as  a  coefficient  Cr,  is  assumed  to  be  the 
same  for  geometrically  similar  hulls  at  the  same  speed-to-length  ratio.  This  methodology, 
known  as  Froude  scaling,  is  the  standard  means  of  developing  accurate  resistance  and 
powering  predictions  during  the  design  process. 

In  the  absence  of  model  test  data  on  the  specific  hullform,  the  analysis  involved  deriving 
values  of  CRfrom  published  data  of  similar  hulls  at  the  appropriate  range  of  speed-to-length 
ratio.  Research  into  sources  for  applicable  resistance  data  uncovered  very  little  data 
available.  The  data  used  for  the  prediction  came  from  a  set  of  resistance  data  for  barges 
published  by  SNAME  [6].  Of  the  data  from  this  reference,  the  Cr  values  for  one  particular 
barge  were  used.  This  barge  has  a  section  area  curve  similar  to  the  ACB  hullform  and,  like 
the  ACB  modules,  also  has  a  hard  transition  at  the  bow  and  stern  rakes.  The  Cr  values  for 
the  reference  barge  are  in  the  upper  range  of  the  values  for  all  barges  recorded  in  the 
reference. 

The  values  of  residuary  coefficient  from  the  reference  information  were  correlated  to  match 
a  speed  range  for  the  ACB  of  2  to  8  knots  and  used  as  input  to  the  PC-based  computer 
software  NAVCAD.  This  program  was  then  used  to  develop  the  remaining  components  of 
resistance  for  the  ACB,  including  frictional  resistance  to  the  ITTC  friction  line  (an  industry 
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FIGURE  4.11 

RIGHTING  ARM  CURVE  UNLOADED  40  FT  MODULE 


Stability  Criteria 

Righting  Area  0-40  deg  217  ft  deg  >15  OK 
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FIGURE  4.12 

RIGHTING  ARM  CURVE  FOR  UNLOADED  120  FT  BARGE 


Heel  Angle  [deg] 


Stability  Criteria 

Righting  Area  0-40  deg  214  ft  deg  >15  OK 
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FIGURE  4.13 

RIGHTING  ARM  CURVE  FOR  FULL  LOAD  120  FT  BARGE 
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FIGURE  4.14 

RIGHTING  ARM  CURVE  FOR  WORST  FULL  LOAD  DAMAGE 


Stability  Criteria 

Equilibrium  Heel  12  deg  <15  OK 

Stability  Range  20  deg  >15  OK 

Min.  Freeboard  0.3  ft  >  0  OK 
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TABLE  4.10 

STABILITY  RESULTS  FOR  OFF-CENTER  LOAD 


Condition 

Heel 

GM 

Range 

Freeboard 

Deg 

ft 

deg 

ft 

Intact 

6.9 

5.2 

60 

2.67 

Damage  Case  1 

12.48 

5.15 

30 

-0.13 

Damage  Case  2 

16.2 

4.94 

20 

-0.89 

Damage  Case  3 

17.05 

4.8 

17 

-0.87 

Damage  Case  4 
Damage  Case  5 

16.1 

Capsize 

5.42 

20 

0.06 

Note:  For  definition  of  Damage  Cases  See  Appendix  F 
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standard  prediction  line  that  gives  the  frictional  coefficient.  Cf,  as  a  function  of  Reynolds 
number  for  the  hull)  based  on  hullform  inputs. 

The  results  of  the  resistance  prediction  are  shown  in  Figure  4.15. 

The  report  on  the  full  scale  testing  of  an  ISO  Powered  Module  [13]  gives  an  estimate  for 
propulsive  coefficient  for  the  waterjet  propulsion  system.  The  propulsive  coefficient,  which 
measures  the  overall  efficiency  of  the  propulsion  system,  is  given  to  range  from  0.14  to  0.23 
for  the  range  of  speeds  from  4  to  8  knots.  Using  these  numbers  an  estimate  of  the  required 
propulsion  power  over  the  2  to  8  knots  speed  range  is  given  in  Figure  4.16. 

The  background  for  the  prediction  methodology  as  well  as  copies  of  the  calculations  are 
included  in  Appendix  G. 

As  an  attempt  to  check  on  the  quality  of  these  results,  a  review  was  undertaken  of  other 
published  sources  of  resistance  data  for  barge  type  hullforms.  SNAME  has  also  published  a 
set  of  curves,  T&R  1-29  [22],  which  give  ranges  of  Cr  for  various  block  coefficients  and 
speed-length  ratios.  Dai  [23]  provides  a  methodology  for  estimating  Cr  for  several 
combinations  of  end  shape  that  includes  square  ends,  flat  rakes,  and  smooth  transitions,  as 
well  as  trends  in  Cr  for  changes  in  UB  and  B/T  ratios.  Some  full  scale  data  results  for 
similar  hullforms  are  available  for  other  modular  systems,  references  [13],  [24],  and  [25]. 

Residuary  coefficients  derived  from  the  SNAME  T&R  and  from  the  method  by  Dai  are 
typically  less  than  the  values  used  in  the  prediction,  by  as  much  as  one  half.  The  data  from 
the  full  scale  trials  in  references  [13]  and  [24]  for  total  resistance  of  modular  ferry  systems 
compare  reasonably  well  with  the  prediction.  The  data  from  the  1995  trials  [25]  for  the 
Army’s  MCF  indicate  higher  than  the  predicted  resistance.  It  should  be  noted  that  the  data 
in  this  last  reference  contains  aspects  that  are  inconsistent  and  difficult  to  reconcile. 

Based  on  these  comparisons  it  is  likely  that  the  resistance  and  powering  estimates 
presented  in  Figures  4.15  and  4.16  will  be  on  the  conservative  side.  Due  to  the  nature  of 
the  data  available,  the  level  of  confidence  in  the  absolute  value  of  resistances  and  resulting 
power  levels  must  be  considered  to  be  low. 

Within  the  reference  data  used  for  this  analysis,  some  information  is  available  on  the  effects 
of  hullform  variations  on  the  expected  resistance.  Both  the  SNAME  data  sheets  [5]  and  Dai 
[23]  show  that  some  resistance  advantage  is  to  be  gained  by  easing  the  transition  at  the 
bow  and  stern  rakes.  In  particular  Dai  indicates  that  an  order  of  a  20%  decrease  could  be 
expected  in  resistance  and  therefore  power  for  a  hullform  change  of  the  type  shown  in 
Figure  4.17. 
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FIGURE  4.15 

RESISTANCE  FOR  120  FT  ACB  LIGHTER  BARGE 


Speed  in  knots 
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FIGURE  4.16 

POWER  ESTIMATE  FOR  ACB  LIGHTERS 


Speed  in  knots 


A  4  Section  NL  Displ.  =  440  LT  [Wang  et.  al,  24] 
O  PCS  Displ.  =  120  LT  [Wang  et.  al.,  24] 
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FIGURE  4.17 

POTENTIAL  CURVED  RAKE  FORM 
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4.3.5  Basic  Motions  Characteristics 

As  discussed  in  Section  4.2,  a  suggestion  was  presented  to  improve  the  motions  of  the  hull 
through  minor  modifications  of  adding  flare  or  deadrise.  To  review  the  viability  of  this  idea  a 
simple  analysis  of  the  basic  motions  characteristics  of  the  ACB  module  was  carried  out. 

The  analysis  was  performed  using  the  2D  strip  theory  program  SMP  (the  Navy’s  standard 
Ship  Motions  Program).  The  objectives  of  the  analysis  was  to  ascertain  the  relative  effects 
of  adding  a  moderate  amount  of  flare  or  a  moderate  deadrise  to  the  baseline  box  form. 

The  first  step  in  the  analysis  was  to  “calibrate”  the  results  from  SMP  against  the  results  of  an 
analysis  of  the  ACB  modules  with  the  3D  analysis  program  MORA,  Garrison  [15].  The 
results  of  this  comparison  showed  good  agreement  as  indicated  in  Figure  4.18. 

With  confidence  that  reasonable  results  could  be  obtained  using  SMP,  input  models  were 
developed  to  analyze  the  following  variations  and  loading  conditions  for  a  120  rigid  unit: 

•  the  baseline  rectangular  form  at  unloaded  draft; 

•  the  baseline  hull  but  with  1 0  degrees  of  flare  added; 

•  the  baseline  hull  but  with  a  10  degree  deadrise  angle  added; 

•  the  same  as  above  at  a  full  load  draft. 

Figures  4.19,  4.20  and  4.21  show  the  hullform  variations  for  these  analysis  cases  together 
with  the  numerical  SMP  model  representations.  SMP  models  the  hullform  sections  with 
splined  curves.  For  the  ACB  hullform  and  variations  the  hard  points  at  the  chine  are 
approximated  by  a  very  tight  area  of  curvature.  The  “calibration”  runs  against  the  MORA 
analysis  indicate  that  in  general  these  approximations  do  not  effect  the  motion  results. 

The  results  of  the  analysis  indicate  that  the  addition  of  moderate  flare  or  deadrise  has 
insignificant  effect  on  the  hull  motions.  Figures  4.22,  a,b,  and  c  plot  the  results  for  heave 
pitch  and  roll  motions  at  the  full  load  draft,  showing  almost  no  difference  in  motions  between 
the  three  hull  variations.  Similar  results  for  the  unloaded  draft  were  found.  Figure  4.22c 
shows  some  increase  in  roll  for  the  hull  with  deadrise  added.  This  is  felt  to  be  a  function  of 
the  modeling  approximation. 

Full  SMP  output  documentation  for  the  analyses  is  provided  in  Appendix  H. 

4  3  6  Hullform  and  Module  Configuration 

As  identified  in  Sections  4.1  and  4.3.5,  several  hullform/module  concepts  were  reviewed  in 
the  course  of  the  research  effort. 

In  Section  4.1 ,  a  comparison  was  made  between  monohull  and  catamaran  type  of  hullforms. 
The  results  indicated  little  of  no  advantage  to  be  gained  by  a  catamaran  form.  In  Section 
4.3.5  the  application  of  moderate  flare  or  deadrise  were  reviewed.  Again  no  significant 
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FIGURE  4.19 

BASELINE  RECTANGULAR  HULLFORM 
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FIGURE  4.22 

MOTION  EFFECTS  OF  ADDED  FLARE  OR  DEADRISE 


b)  Roll 


Heading  [deg] 


c)  Pitch 
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advantage  could  be  shown.  The  results  of  these  evaluations  and  analyses  suggest  that  no 
advantage  is  to  be  gained  by  deviation  from  the  simple  rectangular  form. 

Two  main  module  types  are  required  to  “build”  all  of  the  various  rigid  and  flexible  types  of 
units  to  meet  the  operations  of  the  ACB  Lighter  system.  These  combinations  are  described 
briefly  in  Section  3.5.  The  two  module  types  consist  of  a  center  module,  designed  to  allow 
for  rigid  connection  at  each  end  to  other  modules,  and  an  end  module,  designed  to  allow  for 
a  rigid  connection  at  one  end  and  a  flexible  connection  at  the  other.  These  two  modules  are 
connected  in  combinations  of  one  center  module  and  two  end  modules  to  form  the  next 
level  of  basic  unit  consisting  of  a  120  foot  rigid  unit. 

Figure  4.23  shows  the  general  geometry  for  the  center  module.  This  has  overall  dimensions 
of  40  feet  length,  24  feet  breadth,  and  8  feet  height.  Simple  hard  edges  form  the 
intersection  at  each  pair  effaces,  and  the  module  itself  is  thus  a  simple  rectangular  box. 
Each  end  of  the  module  has  2  recesses,  I’-O  1/2”  wide  by  I’-O”  deep  for  the  full  height  of 
the  module.  These  recesses  are  provided  to  accommodate  the  container  cell  guides  for 
stowage  of  the  module  in  the  hold  of  a  T-ACS  or  commercial  container  ship. 

Figure  4.24  shows  the  geometry  of  the  end  module.  This  has  overall  dimensions  the  same 
as  the  center  module  and  differs  from  the  center  module  only  in  that  it  has  a  simple  flat  rake 
for  the  full  width  of  the  module  at  one  end.  This  rake  extends  from  2’-4”  below  the  deck  to  a 
point  7’-8”  from  the  end  at  the  bottom  shell,  forming  a  36.5  degree  sloped  surface.  The  rake 
angle  geometry  is  based  on  minimizing  the  effects  on  the  major  module  structure  which  is 
arranged  on  8  foot  spacing.  The  rake  angle  has  not  been  optimized  from  a  resistance 
standpoint.  This  raked  end  is  designed  to  allow  freedom  of  movement  at  the  flexible 
connection  as  well  as  providing  for  reduced  resistance  as  the  connected  units  move  through 
the  water.  The  2’-4”  is  provided  to  allow  sufficient  depth  at  the  end  to  accommodate  the 
flexible  connection  system  components,  while  still  having  the  vertical  face  at  the  end  of  the 
module  above  the  waterline  at  the  full  load  draft.  The  ends  of  the  module  are  also  provided 
with  container  cell  guide  recesses. 

The  transition  between  the  rake  and  the  bottom  forms  a  hard  point.  As  discussed  in  Section 
4.3.4,  further  development  of  the  ACB  may  find  some  advantage  in  softening  this  transition, 
as  a  means  of  reducing  resistance,  and  providing  at  least  a  partial  curved  rake.  Other 
aspects  of  the  geometry  of  the  raked  end  can  also  be  revised  if  required,  once  additional 
information  on  connection  systems  is  available. 

Figure  4.25  shows  one  option  for  the  general  geometry  of  a  beaching  module.  As 
discussed  in  Section  3.4,  this  specialized  unit  is  required  to  provide  the  beach  interface  for 
the  ACB  system  in  either  a  beaching  lighter  or  moored  causeway  configuration.  This  unit 
has  a  foldable  beach  end  section  designed  to  provide  a  ramped  transition  from  the  deck  of 
the  ACB  assembly  to  the  beach.  The  potential  configuration  shown  has  be  developed  to  the 
level  of  general  geometry  considerations  only.  This  geometry  is  based  mainly  on  an 
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FIGURE  4.23 
CENTER  MODULE 


FIGURE  4.24 
END  MODULE 
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assumed  maximum  ramp  breakover  angle  of  12  degrees,  similar  to  the  requirement  for 
ramps  contained  in  the  Sealift  COR  [2]. 

The  configuration  shown  incorporates  a  beach  section  that  is  approximately  16  feet  in  length 
connecting  to  the  module  with  four  hinge  assemblies.  The  hinge  axis  is  required  to  above 
the  ramp  surface  to  facilitate  the  required  1 80  degree  fold.  For  this  reason  the  hinges  have 
been  shown  located  outboard  of  a  designated  12  foot  wide  drive  lane  to  avoid  damage  from 
rolling  stock.  The  12  degree  ramp  angle  results  in  a  sloped  portion  on  the  module  of 
approximately  18  1/2  feet  in  length. 

The  underside  of  the  module  at  the  ramp  end  has  a  20  degree  flat  rake.  This  is  provided  to 
reduce  resistance  in  operation.  It  is  assumed  that  the  module  would  be  deployed  with  the 
beach  section  locked  in  the  folded  configuration.  If  the  beach  module  is  left  unloaded  then  it 
would  float  at  a  level  that  would  have  the  rake  surface  above  the  waterline.  This  would 
serve  to  reduce  the  additional  resistance  due  to  “dig  in”  that  has  been  reported  in  full  scale 
trial  of  similar  systems  (see  reference  [25]). 

This  beaching  module  will  require  further  development  particularly  in  regards  to: 

•  how  the  beach  section  will  be  unfolded; 

•  a  locking  arrangement; 

•  hinge  design; 

•  specific  structural  arrangement  and  scantlings; 

•  incorporation  of  ISO  container  fittings  for  lifting  on  T-ACS  or  container  ships. 

Other  geometry  configurations  are  possible  and  may  be  required  dependent  on  how  the 
beaching  facility  is  to  be  used  in  various  operations  and  beach  environments. 

4.3.7  Hull  and  Deck  Outfit 

Hull  and  deck  outfit  for  the  ACB  lighter  modules  is  required  at  a  level  to  allow  the  system  to 
interface  with  other  logistics  assets  in  aspects  of  the  mission  related  to  transportation, 
deployment,  and  cargo  handling.  These  interfaces  have  been  identified  in  Section  3.4.2. 
Special  outfit  as  also  required  on  the  modules  to  allow  access  below  decks  for  maintenance, 
inspection,  and  possibly  stowage  requirements. 

Outfit  items  and  arrangement  are  shown  on  module  general  arrangement  drawings  included 
in  Appendix  I. 

Access  below  decks  is  provided  by  a  single  flush  watertight  hatch.  The  hatch  is  located  on 
one  outboard  edge  of  the  modules  near  to  a  bulkhead.  The  hatch  is  equipped  with  a 
vertical  ladder  running  down  the  bulkhead.  Access  to  other  compartments  is  through  bolted 
watertight  access  manholes  located  in  the  watertight  bulkheads.  The  module  depth  of  8 
feet  allows  unhindered  movement  about  the  compartments  in  a  standing  position. 
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Adequate  access  is  thus  provided  to  each  compartment  while  minimizing  the  number  of 
hatches  through  the  deck.  By  providing  only  one  hatch  and  placing  it  outboard,  reduces  the 
chances  of  cargo  operations  damaging  the  water  tight  integrity  of  the  deck.  The  hatch  is  a 
flush  mounted  unit  operated  with  a  key  similar  to  the  hatches  on  the  existing  NL  system 
Powered  Causeway  Section  (PCS). 

This  arrangement  provides  the  simplest  means  of  achieving  access  to  each  of  the 
compartments  while  avoiding  placing  fittings  on  the  sides  or  ends  of  the  modules  where  they 
are  susceptible  to  damage.  This  arrangement  assumes  that  the  compartments  of  the 
module  are  normally  unoccupied  and  that  bulkhead  manholes  remain  closed  while  the  ACB 
is  in  operation.  Other  arrangements  are  possible  that  would  provide  more  convenient 
access  (such  as  more  deck  hatches),  but  at  the  price  of  greater  potential  for  leakage. 

Fittings  provided  for  deployment  and  stowage  configurations  include; 

•  ISO  container  corner  fittings  at  the  corners  of  the  8  foot  wide  center  portion  of  the 
modules.  Four  such  fittings  will  be  fitted  to  the  top  of  both  main  module  types.  Four 
fittings  will  also  be  provided  for  the  bottom  of  the  center  module,  while  two  will  be  fitted 
on  the  bottom  of  the  end  module.  The  corner  fittings  will  be  located  within  the  tolerances 
specified  in  ISO  standard  668  [14].  These  fittings  provide  the  capability  of  lifting  the 
modules  with  a  standard  ISO  40  ft  container  spreader  as  well  as  potentially  using 
container  deck  fittings; 

•  4  recessed  heavy  'D'  rings  in  the  top  of  each  module  to  provide  lifting  points  on  transport 
vessels  not  equipped  with  ISO  container  spreaders; 

•  2  recessed  heavy  'D'  rings  on  each  side  of  the  modules  to  provide  lashing  points  for 
stowage  on  the  decks  of  ships. 

Fittings  provided  for  mooring  and  anchoring  include: 

•  3  flush  type  'D'  rings  port  and  starboard  for  the  center  module; 

•  1  flush  type  ring  port  and  starboard  for  the  end  module. 

Cargo  tie-downs  are  provided  in  two  rows  port  and  starboard  along  the  full  length  of  both 
module  types.  The  rows  of  fittings  are  located  6  and  10  feet  off  centerline  on  8  foot 
longitudinal  centers.  The  inboard  row  is  offset  longitudinally  by  4  feet.  This  provides  a  tie 
down  grid  that  should  service  any  loading  configuration.  The  cargo  tie-downs  shown  are 
typical  "cloverleaf  flush  socket  type  oriented  at  45  degrees  to  the  centerline  of  the  module. 
These  are  standard  fittings  for  use  in  cargo  tie-down  operations  and  are  intended  to  be  used 
with  "elephant  hook"  type  lashings. 

The  fitting  arrangement  has  been  developed  on  the  basis  that  the  ACB  system  will  need  to 
meet  the  same  types  of  requirements  as  the  existing  NL  system.  The  arrangement  provided 
has  not  been  optimized  to  specific  loading  arrangements.  The  objective  has  been  to  identify 
and  provide  fittings  that  meet  the  basic  needs  of  operational  interfaces.  Other  types  of 
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fitting  are  possible  from  those  proposed.  The  final  choice  of  outfit  will  require  a  more 
detailed  analysis  of  interface  requirements  in  conjunction  with  specific  operational  data. 

In  addition  to  the  basic  outfit  arrangement  shown  other  types  of  fittings  may  be  required 
including; 

•  drain  or  dewatering  fittings; 

•  vent  fittings  for  compartments; 

•  sounding  fittings; 

•  fenders; 

•  connection  system  fittings. 

The  requirements  for  these  will  need  to  be  developed  based  mainly  on  the  expectations  for 
specific  operational  practices. 
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5.0  CONCLUSIONS  AND  RECOMMENDATIONS 
5.1  Summary  of  Phase  I  Significant  Findings 

The  Phase  I  developments  have  provided  an  ACB  module  description  to  a  level  which 
addresses  the  majority  of  characteristics  to  at  least  a  first  level.  The  following  are  identified 
as  the  major  results  of  the  research  together  with  discussion  of  their  impact  on  the 
development  as  a  whole. 

Hydrodynamics  and  Seakeepinq 

Several  options  were  reviewed  as  potential  means  of  attenuating  the  motions  of  the 
modules,  ranging  from  simple  modifications  to  the  hullform  to  the  addition  of  complex 
damping  systems.  The  addition  of  moderate  amounts  of  flare  or  deadrise  were  found  to 
have  no  effect  on  the  motions  as  was  the  adoption  of  an  alternate  catamaran  hullform.  The 
fitting  of  an  open  truss  system  or  a  passive  stabilization  tank,  while  offering  motion 
reductions,  were  determined  to  impose  significant  penalties  on  other  characteristics  of  the 
ACB  system.  Only  the  use  of  attached  perforated  plates  showed  any  significant  promise. 

The  specific  configuration  of  attached  plates  analyzed  resulted  in  a  reduction  of  roll  motions 
of  up  to  30%.  Similar  reductions  of  heave  motions  are  assumed  to  be  possible  with  other 
configurations.  If  it  is  determined  that  a  30%  reduction  in  motions  produces  any  real 
advantage  in  the  ability  to  make  safer  and  quicker  connections,  then  the  attached  plate 
approach  should  be  further  developed. 

Options  for  Module  Geometries 

The  conceptualization  effort  in  Phase  I  identified  several  potential  alternative  forms  for  the 
module.  For  Phase  I  these  were  determined  to  not  warrant  deviation  from  the  rectangular 
form,  which  would  require  a  major  redirection  of  effort  without  sufficient  evidence  of 
advantages.  If  these  alternatives  are  of  interest  to  NFESC,  the  development  of  one  or  more 
of  them  could  be  carried  out  in  parallel  to  the  rectangular  module  to  a  level  the  would  allow 
for  a  proper  evaluation  against  real  advantages  to  be  gained. 

Structure 


The  structure  for  the  modules  has  been  developed  on  the  basis  of  conventional  barge 
construction  arrangements  and  design  philosophy,  and  with  a  minimal  use  of  high  strength 
steel.  As  part  of  this  development  the  deck  structure  has  been  sized  assuming  that  a 
certain  amount  of  dishing,  or  permanent  set,  is  acceptable.  The  analysis  predicts,  in  what 
has  been  determined  to  be  a  conservative  sense,  the  amount  of  dishing  that  will  occur  over 
time.  If  an  allowable  permanent  set  criteria  is  determined  not  to  be  reasonable,  then  a 
rearrangement  of  the  deck  structure  will  be  required  with  an  associated  increase  in  structure 
weight.  As  mentioned  in  the  discussion  of  the  structure,  the  capacity  of  the  structure  to 
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withstand  the  operational  loading  is  not  effected  by  the  presence  of  a  marginal  amount  of 
dishing  in  the  deck.  The  suitability  of  an  allowable  permanent  set  criteria  must,  therefore, 
be  determined  from  an  operational  standpoint. 

The  structural  analysis  has  made  use  of  high  strength  steel  on  a  limited  basis  for  the  heavily 
loaded  deck  only.  The  use  of  high  strength  steel  will  have  a  marginal  material  cost  impact 
but  little  labour  cost  impact.  The  use  of  high  strength  steel  for  all  structure  will  likely  result  in 
further  weight  savings  and  should  be  considered. 

Weight 

The  analysis  of  the  weight  of  the  modules  indicates  that,  with  a  conventional  structural 
arrangement,  the  weight,  excluding  connection  systems,  amounts  to  nearly  90%  of  the  30 
LT  weight  limit.  This  means  that  only  10%  is  available  for  connections  systems  weights  if 
the  30  LT  limit  is  to  be  met.  It  is  possible  that  this  allowance  is  insufficient  to  handle  the 
connection  systems.  If  this  is  the  case,  options  for  reduction  of  module  weight  need  to  be 
investigated. 

The  largest  portion  of  the  module  weight  is  the  structural  weight  and  of  this  approximately 
40%  is  in  the  deck  structure.  Any  options  for  additional  weight  savings  should  consider 
means  of  reducing  the  deck  structure  weight,  possibly  through  the  use  of  non-conventional 
framing  systems  or  materials. 

Stability 

The  analysis  of  stability  for  the  system  has  indicated  that,  in  general,  the  barge  form  of  the 
modules  has  good  stability  characteristics.  The  damage  stability  analysis,  however,  has 
indicated  that  the  120  foot  rigid  unit,  as  configured,  has  some  sensitivity  to  load  positioning, 
in  that  if  the  200  LT  maximum  load  is  placed  one  foot  off  the  centerline  capsize  will  occur 
under  certain  damage  scenarios.  This  effectively  places  a  restrictive  limitation  on  the  load 
placement  to  avoid  potential  problems.  If  such  a  limitation  places  too  great  a  penalty  on 
loading  operations  then  alternative  subdivision  arrangements  need  to  be  considered. 

Resistance  and  Powering 

Of  all  the  analyses  performed  as  part  of  the  development,  the  resistance/powering 
prediction  carries  the  least  reliability.  This  is  a  function  of  the  quality  of  the  data  available  as 
well  as  a  characteristic  of  barge  forms  which  makes  extrapolation  of  resistance  values  for 
differing  proportions  difficult.  For  most  transportation  systems,  powering  is  of  critical 
importance  since  it  effects  operation  costs.  If  this  is  true  for  the  ACB  system,  as  it  likely  is, 
then  additional  effort  needs  to  be  expended  to  improve  the  prediction. 
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Hullform 

The  analysis  of  aspects  of  the  ACB  mission  that  effect  module  hullform  indicated  that  no 
advantage  is  to  be  gained  from  deviation  from  a  rectangular  cross  section.  The  only 
outstanding  issue  relates  to  the  rake  form  of  the  end  module.  The  end  rake  should  be 
reviewed  further  from  the  standpoint  of  resistance,  as  discussed  above,  and  the  effect  on 
the  structural  arrangement. 

The  beaching  module  shown  in  the  report  is  a  slight  departure  from  the  general 
configuration  provided  at  the  outset  of  the  Phase  I  effort,  which  had  an  articulating  end.  The 
relative  advantages  of  either  configuration  requires  a  more  complete  review  of  operations  of 
beach-end  lighterage  in  transit  conditions  and  for  a  variety  of  beach  environments.  The  final 
choice  of  geometry  will  then  be  required  to  be  developed  to  a  level  consistent  with  the  two 
base  modules. 

Outfit 


The  level  of  outfit  provided  is  based  on  a  first  look  at  the  requirements  without  optimization. 
Cargo  tie-downs  should  be  reviewed  from  the  standpoint  of  loading  configurations  and  load 
patterns  to  identify  whether  the  tie-down  arrangement  is  adequate  or  excessive. 

Access  fittings  have  been  provided  based  on  minimizing  through-deck  fittings  as  a  way  of 
reducing  potential  leakage.  This  arrangement  needs  to  be  reviewed,  together  with  the  need 
for  other  fittings,  from  the  standpoint  of  maintenance,  inspection,  and  other  operational 
aspects. 

The  design  for  the  ACB  modules  as  shown  on  the  drawing  has  not  explicitly  considered  the 
connection  systems  since  these  are  not  yet  fully  defined.  It  is  clear  that  the  final  size  and 
configuration  of  the  connection  systems  will  have  an  effect  on  the  module  design  in  areas 
such  as  structural  arrangement,  deck  layout,  and  to  some  extent  module  form. 

5.2  Recommendations  for  Phase  II 

Based  on  the  results  from  Phase  I,  several  areas  warrant  consideration  for  further 
development. 

Review  of  Other  Configurations  for  Attached  Perforated  Plates 

The  hydrodynamic  analyses  performed  under  Phase  I  established  the  effectiveness  of 
attached  perforated  plates  in  damping  the  roll  motions  of  the  modules.  The  research  also 
indicated  that  other  modes  of  motion  could  be  similarly  improved  with  other  configurations  of 
plates.  To  explore  this  area  further  would  require: 
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•  model  testing  to  get  good  data  for  several  configurations  of  plate  attachments  including 
verification  of  the  already  analyzed  vertical  orientation, 

•  numerical  modeling  to  review  various  alternatives. 

Evaluation  of  Other  Module  Geometries 


The  conceptualization  process  identified  alternative  module  geometries  that  show  potential 
for  addressing  specific  mission  requirements.  These  module  geometries  could  be 
developed  further  to  a  level  that  would  allow  for  a  proper  evaluation  against  real  advantages 
to  be  gained. 

Investigation  of  Non-Conventional  Deck  Structural  Systems 

This  would  involve  a  review  of  structural  systems  and  material  with  an  aim  of  providing 
weight  reductions  for  the  heavily  loaded  deck.  Non-conventional  alternatives  would  be 
reviewed  together  with  analyses  of  the  effects  on  weight,  cost,  and  construction  complexity. 

Resistance  Characteristics 


To  further  the  understanding  of  the  important  resistance  characteristics  of  the  system 
requires  a  refinement  of  the  data  to  allow  reliable  predictions.  This  would  involve  a 
comprehensive  model  test  program  to  derive  valid  resistance  coefficients  for  the  specific 
ACB  configuration,  to  optimize  the  end  form,  as  well  as  to  quantify  the  effects  of  multiple 
units  connected  as  an  assembled  lighter. 

Review  of  Alternatives  for  a  Beaching  Module 

To  define  an  optimum  configuration  for  the  beaching  module,  several  alternatives  would  be 
developed  and  analyzed  with  respect  to  operational  issues  in  transit  conditions.  The  review 
would  include  loading  and  cargo  operations  together  with  the  module's  effect  on  the  overall 
resistance  of  a  lighter  to  which  it  would  be  attached. 
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Appendix  B  contains  the  following  documentation  of  the  AQWA  hydrodynamic  analysis. 

•  output  results  in  graphical  form  together  with  mark-ups  for  review  of  options  for 
attenuating  motions; 

•  sample  calculations  for  the  spectral  motions  response  using  the  AQWA  generated 
RAO's; 

•  Example  model  plot  for  the  40  foot  monohull  model; 

•  Example  AQWA  output  (in  an  excerpted  form)  for  the  40  foot  monohull  model; 

•  3.5  inch  diskette  containing  full  AQWA  documentation  for  other  models  analyzed 
including; 

input  files 
output  files 
plot  files 

The  diskette  is  organized  into  subdirectories  each  containing  files  for  one  of  the  models. 
The  directory  names  as  they  relate  to  the  models  analyzed  are: 


MONO  S 

40  foot  monohull 

MONO  M 

80  foot  monohull 

MONO  L 

120  foot  monohull 

MONO_SH 

40  foot  monohull  with  at  displacement  with  heeling  tank 

included 

TWIN  S 

40  foot  catamaran 

TWIN  M 

80  foot  catamaran 

TWIN  L 

120  foot  catamaran 

DOUBLE  L 

2-120  foot  units  connected  side-to-side 

GARISON 

Benchmark  against  Garrison  results 

Each  subdirectory  contains  three  files;  *.dat  which  contains  an  ASCII  input  file;  *.plt 
which  contains  a  model  plot  file  (may  require  an  AQWA  utility  to  generate  hard  copy); 
and  *.zip  which  contains  a  compressed  copy  of  the  full  output  listing  file.  The  root 
directory  of  the  diskette  contains  a  copy  of  the  unzip  utility. 


HEADING  [deg] 


MOTION  PREDICTION  40’  MODULES 
SEA  STATE  2.5 


1  > 

n 

li- 

:  i-4- 
5!i  t 


[Bap]  mVA  PUB  noy  ‘HOlId 


HEADING  [deg] 


MOTION  PREDICTION  40’  MODULES 
SEA  STATE  5 


twl  3AV3H  PUB  AVMS  ‘39^08 


HEADING  [deg] 


MOTION  PREDICTION  40'  MODULES 
SEA  STATE  5 


t6ap]  mVA  PUB  moa  ‘HOlId 


HEADING  [deg] 


MOTION  PREDICTION  80’  MODULES 
SEA  STATE  2.5 


HEADING  [deg] 


MOTION  PREDICTION  80’  MODULES 
SEA  STATE  5 


HEADING  [deg] 


MOTION  PREDICTION  80’  MODULES 
SEA  STATE  5 


[Bap]  mVA  PUE  noy  ‘HOlId 


[y]  3AV3H  puB  AVMS  ‘39ans 


MOTION  PREDICTION  120'  MODULES 
SEA  STATE  2.5 


$  5)  ^ 

Q 


^  ^ 
\~  Vi 


=>  "5  ^  'A 

Sic  .£--:|-^v- 


.•^  O  05  ^  i  t 

Q.  a:  >  -C  5 


X  X  f 
I  I  I 


[Sap]  MVA  PUB  noy  ‘HOlId 


HEADING  [deg] 


MOTION  PREDICTION  120’  MODULES 
SEA  STATE  5 


MOTION  PREDICTION  120’  MODULES 
SEA  STATE  5 


[Bap]  mVA  PUB  moy  ‘HOlId 


HEADING  [deg] 


613  +  592  3393 


DEC  20  ’95  18:17  B.  MENON 


613  +  592  3393 


TO: 


604  738  4410  P01 

L 


HEAVE  MOTIONS  IN  HEAD  SEAS,  MONOHULL  40  FT  MODULE 


Irregular  Wave 
Irregular  Wave 

Wave 

Frequency 

(rad/s) 


Significant  Height; 
Modal  Frequency; 
Heave 
Amplitude 
Response 


Wave 

Spectrum 


3.000  (ft) 

1 .2570  (rad/s) 
Heave 
Response 
Spectrum 


0.9670 

0.9385 

0.2337 

0.2058 

1.0470 

0.9204 

0.4151 

0.3517 

1.1420 

0.8931 

0.5762 

0.4596 

1.2570 

0.8497 

0.6400 

0.4621 

1.3960 

0.7779 

0.5814 

0.3518 

1.5710 

0.6572 

0.4389 

0.1896 

1 .7950 

0.4701 

0.2785 

0.0616 

2.0940 

0.2702 

0.1480 

0.0108 

2.2480 

0.2248 

0.1081 

0.0055 

2.5130 

0.1925 

0.0647 

0.0024 

2.9020 

0.1132 

0.0326 

0.0004 

3.1420 

0.0739 

0.0222 

0.0001 

Integral  of 

Response  Spectrum, 

m,  0.2596 

Significant  Amplitude  Response,  1.02  (ft) 

Irregular  Wave  Significant  Height:  3.3 

(ft) 

Irregular  Wave  Modal  Frequency;  1.1 31  (rad/s) 

Heave  Heave 

Wave 

Amplitude 

Wave 

Response 

Frequency 

(rad/s) 

Response 

Spectrum 

Spectrum 

0.9670 

0.9385 

0.6339 

0.5583 

1 .0470 

0.9204 

0.8056 

0.6824 

1.1420 

0.8931 

0.8599 

0.6859 

1.2570 

0.8497 

0.7808 

0.5638 

1.3960 

0.7779 

0.6120 

0.3703 

1.5710 

0.6572 

0.4153 

0.1794 

1.7950 

0.4701 

0.2450 

0.0541 

2.0940 

0.2702 

0.1242 

0.0091 

2.2480 

0.2248 

0.0894 

0.0045 

2.5130 

0.1925 

0.0527 

0.0020 

2.9020 

0.1132 

0.0262 

0.0003 

3.1420 

0.0739 

0.0178 

0.0001 

Integral  of  Response  Spectrum,  m^^ 
Significant  Amplitude  Response,  2j  m^ 


0.33749 
1.16  (ft) 


DEC  20  ’95  18:18  B.  MENON 


613  +  592  3393 


613  +  592  3393  TO:  604  738  4410  P02 

y/ 

PITCH  MOTIONS  IN  HEAD  SEAS,  MONOHULL  40  FT  MODULE 


Irregular  Wave  Significant  Height: 

3.300  (ft) 

Irregular  Wave  Modal  Frequency: 

Pitch 

1.1310  (rad/sec) 
Pitch 

Wave 

Amplitude 

Wave 

Response 

Frequency 

(rad/s) 

Response 

Spectrum 

Spectrum 

0.9670 

1.7634 

0.6339 

1.9712 

1.0470 

1.9906 

0.8056 

3.1921 

1.1420 

2.2811 

0.8599 

4.4744 

1.2570 

2.6556 

0.7808 

5.5066 

1.3960 

3.1332 

0.6120 

6.0075 

1.5710 

3.7121 

0.4153 

5.7222 

1.7950 

4.3110 

0.2450 

4.5531 

2.0940 

4.1417 

0.1242 

2.1296 

2.2480 

3.3708 

0.0894 

1.0156 

2.5130 

1.9016 

0.0527 

0.1906 

2.9020 

1.0871 

0.0262 

0.0310 

3.1420 

0.7574 

0.0178 

0.0102 

Integral  of  Response  Spectrum, 

5.57113 

Significant  Amplitude  Response, 

24 

4.72  (deg) 

Irregular  Wave  Significant  Height:  3.000  (ft) 

Irregular  Wave  Modal  Frequency:  1.2570  (rad/s) 


Wave 

Pitch 

Amplitude 

Wave 

Pitch 

Response 

Frequency 

(rad/s) 

0.9670 

Response 

Spectrum 

Spectrum 

1.7634 

0.2337 

0.7266 

1 .0470 

1.9906 

0.4151 

1.6449 

1.1420 

2.2811 

0.5762 

2.9982 

1.2570 

2.6556 

0.6400 

4.5136 

1.3960 

3.1332 

0.5814 

5.7073 

1.5710 

3.7121 

0.4389 

6.0478 

1.7950 

4.3110 

0.2785 

5.1763 

2.0940 

4.1417 

0.1480 

2.5393 

2.2480 

3.3708 

0.1081 

1.2279 

2.5130 

1.9016 

0.0647 

0.2339 

2.9020 

1.0871 

0.0326 

0.0385 

3.1420 

0.7574 

0.0222 

0.0127 

Integral  of  Response  Spectrum, 

mo 

5.43974 

Significant  Amplitud 

e  Response,  24  m^ 

4.66  (deg) 

toij  +  syci 


DEC  20  ’95  18:19  B.  MENON 


613  +  592  3393  TO:  604  738  4410  P01 


SURGE  MOTIONS  IN  HEAD  SEAS,  MONOHULL  40  FT  MODULE 

Irregular  Wave  Significant  Height;  3.000  (ft) 


Irregular  Wave  Modal  Frequency:  1.2570  (rad/s) 


Wave 

Surge 

Amplitude 

Wave 

Surge 

Response 

Frequency 

Response 

Spectrum 

Spectrum 

(rad/s) 

0.9670 

0.9922 

0.2337 

0.2300 

1 .0470 

0.9393 

0.4151 

0.3662 

1.1420 

0.8826 

0.5762 

0.4488 

1.2570 

0.8165 

0.6400 

0.4267 

1.3960 

0.7286 

0.5814 

0.3086 

1.5710 

0.5973 

0.4389 

0.1566 

1.7950 

0.3898 

0.2785 

0.0423 

2.0940 

0.0798 

0.1480 

0.0009 

2.2480 

0.0690 

0.1081 

0.0005 

2.5130 

0.1488 

0.0647 

0.0014 

2.9020 

0.1340 

0.0326 

0.0006 

3.1420 

0.1235 

0.0222 

0.0003 

Integral  of  Response  Spectrum,  0.2343 

Significant  Amplitude  Response,  2j  0.97  (ft) 


Irregular  Wave  Significant  Height;  3.300  (ft) 
Irregular  Wave  Modal  Frequency:  1.1310  (rad/s) 


Wave 

Surge 

Amplitude 

Wave 

Surge 

Response 

Frequency 

Response 

Spectrum 

Spectrum 

(rad/s) 

0.9670 

0.9922 

0.6339 

0.6241 

1.0470 

0.9393 

0.8056 

0.7107 

1.1420 

0.8826 

0.8599 

0.6699 

1 .2570 

0.8165 

0.7808 

0.5206 

1 .3960 

0.7286 

0.6120 

0.3249 

1.5710 

0.5973 

0.4153 

0.1482 

1.7950 

0.3898 

0.2450 

0.0372 

2.0940 

0.0798 

0.1242 

0.0008 

2.2480 

0.0690 

0.0894 

0.0004 

2.5130 

0.1488 

0.0527 

0.0012 

2.9020 

0.1340 

0.0262 

0.0005 

3.1420 

0.1235 

0.0178 

0.0003 

Integral  of  Response  Spectrum, 
Significant  Amplitude  Response,  2j  m^ 


0.3147 
1.12  (ft) 


DEC  20  ’95  18:20  B.  MENON 


toiJ  +  bS2  bby3 


613  +  592  3393  TO: 


604  738  4410  P02 


ROLL  MOTIONS  IN  BEAM  SEAS,  MONOHULL  40  FT  MODULE 

Irregular  Wave  Significant  Height:  3.300 

Irregular  Wave  Modal  Frequency;  1.1310  (rad/s) 

Roll  Roll 

Wave  Amplitude  Wave  Response 

Frequency  Response  Spectrum  Spectrum 

(rad/s) 

0.9670  1.8205  0.6339  2.1009 

1.0470  2.0737  0.8056  3.4642 

1.1420  2.4083  0.8599  4.9874 

1.2570  2.8636  0.7808  6.4030 

1.3960  3.5008  0.6120  7.4999 

1.5710  4.4285  0.4153  8.1440 

1.7950  5.9517  0.2450  8.6782 

2.0940  9.0994  0.1242  10.2796 

2.2480  11.1030  0.0894  11.0192 

2.5130  9.4094  0.0527  4.6658 

2.9020  3.3947  0.0262  0.3024 

3.1420  1.9302  0.0178  0.0662 


Integral  of  Response  Spectrum,  m^ 

13.06 

Significant  Amplitude  Response,  2j  m,. 

7.23  (deg) 

Irregular  Wave  Significant  Height: 

3.000 

Irregular  Wave  Modal  Frequency: 

1.2570  (rad/s) 

Roll 

Roll 

Wave 

Amplitude 

Wave 

Response 

Frequency 
i  r/s©c^ 

Response 

Spectrum 

Spectrum 

0.9670 

1.8205 

0.2337 

0.7745 

1.0470 

2.0737 

0.4151 

1.7851 

1.1420 

2.4083 

0.5762 

3.3419 

1.2570 

2.8636 

0.6400 

5.2483 

1.3960 

3.5008 

0.5814 

7.1251 

1.5710 

4.4285 

0.4389 

8.6074 

1.7950 

5.9517 

0.2785 

9.8662 

2.0940 

9.0994 

0.1480 

12.2572 

2.2480 

11.1030 

0.1081 

13.3219 

2.5130 

9.4094 

0.0647 

5.7269 

2.9020 

3.3947 

0.0326 

0.3756 

3.1420 

1.9302 

0.0222 

0.0826 

Integral  of  Response  Spectrum,  m^ 
Significant  Amplitude  Response,  2j  m, 


14.18 
7.53  (deg) 


bl-5  +  bbbJ 


604  738  4410  P01 


DEC  20  ’95  18:22  B.  MENON 


613  +  592  3393  TO: 


HEAVE  MOTIONS  IN  BEAM  SEAS,  MONOHULL  40  FT  MODULE 


Irregular  Wave  Significant  Height:  3.000  (ft) 
Irregular  Wave  Modal  Frequency:  1.2570  (rad/s) 

Heave  Heave 


Wave 

Amplitude 

Frequency 

Response 

(rad/s) 

0.9670 

0.9806 

1.0470 

0.9752 

1.1420 

0.9675 

1.2570 

0.9559 

1.3960 

0.9379 

1.5710 

0.9067 

1.7950 

0.8422 

2.0940 

0.6823 

2.2480 

0.5710 

2.5130 

0.3870 

2.9020 

0.2150 

3.1420 

0.1549 

Wave 

Response 

Spectrum 

Spectrum 

0.2337 

0.2247 

0.4151 

0.3948 

0.5762 

0.5393 

0.6400 

0.5848 

0.5814 

0.5114 

0.4389 

0.3608 

0.2785 

0.1976 

0.1480 

0.0689 

0.1081 

0.0352 

0.0647 

0.0097 

0.0326 

0.0015 

0.0222 

0.0005 

Integral  of  Response  Spectrum, 
Significant  Amplitude  Response. 


0.4050 
1.27  (ft) 


Irregular  Wave  Significant  Height: 
Irregular  Wave  Modal  Frequency: 


3.300  (ft) 
1.1310  (rad/s) 


Wave 

Heave 

Amplitude 

Wave 

Heave 

Response 

Frequency 

Response 

Spectrum 

Spectrum 

(r/sec) 

0.9670 

0.9806 

0.6339 

0.6096 

1 .0470 

0.9752 

0.8056 

0.7661 

1.1420 

0.9675 

0.8599 

0.8049 

1.2570 

0.9559 

0.7808 

0.7135 

1.3960 

0.9379 

0.6120 

0.5383 

1.5710 

0.9067 

0.4153 

0.3414 

1.7950 

0.8422 

0.2450 

0.1738 

2.0940 

0.6823 

0.1242 

0.0578 

2.2480 

0.5710 

0.0894 

0.0291 

2.5130 

0.3870 

0.0527 

0.0079 

2.9020 

0.2150 

0.0262 

0.0012 

3.1420 

0.1549 

0.0178 

0.0004 

Integral  of  Response  Spectrum,  m^  0.4868 

Significant  Amplitude  Response,  2\  1.39  (ft) 


613  +  592  3393 


NOU  16  ’95  01:37  B.  MENON 


613  +  592  3393 


604  738  4410  P0 


Linear  Roll  RAO's 


For  Wave  Direction  #1  @  0.00  deg 


Wave 

Roll 

Roll 

Irregular 

Roll 

Frequency 

Amplitude 

Phase 

Wave  Amp 

Response 

(rad/s) 

(dag) 

(ft) 

Spectrum 

0.967 

0 . 0000 

179.83 

0.2280 

0.00000 

1.047 

0 . 0000 

2.72 

0.4088 

0.00000 

1.142 

0.0000 

-5.87 

0.5716 

0.00000 

1.257 

0.0000 

179 . 01 

0.6385 

0.00000 

1.396 

0.0000 

3.67 

0.5823 

0.00000 

1.571 

0.0000 

9.77 

0.4409 

0.00000 

1.795 

0.0000 

22.51 

0.2804 

0.00000 

2.094 

0.0000 

30.01 

0.1492 

0.00000 

2.248 

0.0000 

87.01 

0.1090 

0.00000 

2.513 

0.0000 

108.28 

0 . 0653 

0.00000 

2.902 

0.0000 

160.81 

0.0329 

0.00000 

3.142 

0.0000 

-0.43 

0.0224 

0.00000 

Significant 

Roll  Amplitude 

Response 

(2Vm0)  0 

.00000 

For  Wave  Direction  #2  @ 

30.00  deg 

Wave 

Roll 

Roll 

Irregular 

Roll 

Frequency 

Amplitude 

Phase 

Wave  Amp 

Response 

(rad/s) 

(deg) 

(ft) 

Spectriim 

0.967 

0 . 9355 

90.44 

0.2280 

0.19954 

1.047 

1.0552 

90.63 

0.4088 

0.45520 

1.142 

1.2103 

90.97 

0.5716 

0.83730 

1.257 

1.4055 

91.56 

0.6385 

1.26123 

1.396 

1.6341 

92.55 

0.5823 

1.55499 

1.571 

1.8538 

94.17 

0.4409 

1.51524 

1.795 

1.8891 

96.08 

0.2804 

1.00058 

2.094 

1.2898 

92.39 

0.1492 

0.24825 

2.248 

0.7917 

70.11 

0.1090 

0.06831 

2.513 

1.1541 

12.26 

0.0653 

0.08691 

2 .902 

0.8641 

-12.62 

0.0329 

0.02456 

3.142 

0.5809 

-45.73 

0.0224 

0.00755 

Significant  Roll  Amplitude  Response  (2V'm0) 


2.20143 


613  +  592  3393 

W  16  ’95  01:37  B.  MENON  613  +  592  3393  TO:  604  738  4410  P04 


For  Wave 

Direction  #3  ® 

60.00  deg 

Roll 

Roll 

Irregular 

Roll 

Frequency 

Amplitude 

Phase 

Wave  Amp 

Response 

(rad/fl) 

(deg) 

(ft) 

Spectrum 

0.967 

1.6617 

90.44 

0,2280 

0.62952 

1.047 

1.8945 

90.63 

0 . 4068 

1.46711 

1.142 

2.1998 

90.96 

0 . 5716 

2.76591 

1.257 

2.6088 

91.53 

0.6385 

4.34536 

1.396 

3.1489 

92.46 

0.5823 

5.77415 

1.571 

3.8449 

93.97 

0.4409 

6.51825 

1.795 

4.6707 

96.02 

0,2804 

6.11663 

2.094 

5.5813 

100.31 

0.1492 

4.64830 

2.248 

5.8840 

107.20 

0,1090 

3.77276 

2.513 

4.4083 

129.57 

0.0653 

1.26808 

2.902 

1.2038 

115.85 

0.0329 

0.04766 

3.142 

0.5642 

83.34 

0.0224 

0.00712 

Significant 

Roll  Amplitude 

Response 

(2v4i0)  5 

.32015 

For  Wave  Direction  #4  ® 

90.00  deg 

Wave 

Roll 

Roll 

Irregular 

Roll 

Frequency 

Amplitude 

Phase 

Wave  Amp 

Response 

(rad/s) 

(dog) 

(ft) 

Spectrum 

0.967 

1.9453 

90.43 

0.2280 

0.86271 

1.047 

2.2240 

90.62 

0.4088 

2.02201 

1.142 

2.6003 

90.95 

0.5716 

3 . 86472 

1.257 

3.1158 

91.51 

0 . 6385 

6.19846 

1.396 

3.8322 

92.42 

0.5823 

8.55192 

1.571 

4.8061 

93.88 

0.4409 

10.18476 

1.795 

6.2969 

95.94 

0.2804 

11.11756 

2.094 

8.7580 

101.64 

0.1492 

11.44574 

2.248 

10.4124 

110.86 

0.1090 

11.81456 

2.513 

9.7939 

141.42 

0.0653 

6.25915 

2.902 

3.6413 

149.77 

0.0329 

0.43612 

3.142 

1.9931 

130.73 

0.0224 

0.08889 

Significant 

Roll  Amplitude 

Response 

{2Vm0)  7 

.73262 

NQU  16  ’95  01:38  B.  MENON 


613  +  532  3393 


613  +  592  3393  TO: 


604  738  4410  P05 


NonLin«ar  Roll  RAO's 


For  Wave  Direction  #1  9 


Wave 

Roll 

Frequency 

(rad/a) 

Amplitude 

0.967 

0.0000 

1.047 

0 .0000 

1.142 

0.0000 

1.257 

0.0000 

1.396 

0.0000 

1.571 

0.0000 

1.795 

0.0000 

2.094 

0.0000 

2.248 

0,0000 

2.513 

0,0000 

2.902 

0,0000 

3.142 

0.0000 

Significant 

Roll  Amplitude 

For  Wave  Direction  #2  @ 

Wave 

Roll 

Preqpaency 

(rad/s) 

Amplitude 

0.967 

0,9354 

1.047 

1-0550 

1.142 

1.2098 

1.257 

1.4041 

1.396 

1.6296 

1.571 

1.8388 

1.795 

1.8468 

2.094 

1,2301 

2.248 

0.7530 

2.513 

1.0545 

2.902 

0.8468 

3.142 

0.5772 

Significant  Roll  Amplitude 


0.00  deg 


Roll 

Irregular 

Roll 

Phase 

Wave  Amp 

Response 

(deg) 

(ft) 

Spectrum 

179 . 83 

0.2280 

0.00000 

2 . 72 

0.4088 

0.00000 

-5.87 

0.5716 

0,00000 

179.01 

0.6385 

0.00000 

3.67 

0.5823 

0.00000 

9.77 

0.4409 

0.00000 

22.51 

0.2804 

0.00000 

30.01 

0.1492 

0.00000 

87.01 

0.1090 

0.00000 

108.28 

0.0653 

0.00000 

160.81 

0,0329 

0.00000 

-0.43 

0.0224 

0.00000 

Response 

(2VmO)  0. 

00000 

30.00  deg 

Roll 

Irregular 

Roll 

Phase 

Wave  Amp 

Response 

(deg) 

(ft) 

Spectrum 

90 . 93 

0.2280 

0.19950 

91.26 

0.4088 

0.45503 

91.81 

0.5716 

0.83662 

92,72 

0.6385 

1.25869 

94.24 

0.5823 

1.54643 

96 . 67 

0.4409 

1.49087 

99.55 

0.2804 

0.95627 

95.49 

0.1492 

0,22581 

71.82 

0.1090 

0.06180 

10.62 

0.0653 

0.07256 

-14.84 

0.0329 

0.02359 

-46.91 

0.0224 

0,00746 

Response  (2V^mO) 


2.17431 


613  +  592  3393 


NOU  16  '95  01:39  B.  MENON  613  +  592  3393  TO:  604  738  4410  P06 


For  Wave  Direction  #3  @  60,00  dog 


Wave 

Roll 

Roll 

Irregular 

Roll 

Frequency 

Amplitude 

Phase 

Wave  Amp 

Response 

(rad/ a ) 

(dog) 

(ft) 

Spectrum 

0 .967 

1.6613 

91.32 

0.2280 

0.62924 

1.047 

1-8937 

91.76 

0.4088 

1.46589 

1.142 

2 . 1978 

92.48 

0 . 5716 

2.76096 

1.257 

2.6031 

93.68 

0.6385 

4.32635 

1.396 

3 . 1299 

95 . 69 

0.5823 

5.70469 

1.571 

3.7741 

99,05 

0.4409 

6.28053 

1.795 

4.4044 

104.01 

0.2804 

5.43903 

2 . 094 

4 .6607 

110.66 

0.1492 

3.24147 

2.248 

4.4725 

115.33 

0.1090 

2.17979 

2.513 

3,3784 

125.15 

0.0653 

0.74480 

2,902 

1.1703 

112.81 

0 . 0329 

0.04505 

3.142 

0.5607 

82.19 

0.0224 

0.00704 

Significant: 

Roll  Amplitude 

Response 

{2V111O)  4. 

90433 

For  Wave  Direction  #4  ® 

90.00  deg 

Wave 

Roll 

Roll 

Irregpular 

Roll 

Frequency 

Amplitude 

Phase 

Wave  Amp 

Response 

(rad/s) 

(deg) 

(ft) 

Spectrum 

0.967 

1.9447 

91.46 

0.2280 

0.86223 

1.047 

2.2229 

91.95 

0.4088 

2 . 01987 

1.142 

2.5973 

92.75 

0.5716 

3 . 85597 

1.257 

3,1072 

94.08 

0.6385 

6.16409 

1.396 

3 .8025 

96.33 

0.5823 

8.42026 

1.571 

4.6912 

100.16 

0.4409 

9.70372 

1.795 

5.8102 

106.27 

0.2804 

9.46545 

2.094 

6.7568 

115.57 

0.1492 

6.81266 

2,248 

6 . 9505 

121,99 

0 . 1090 

5.26446 

2.513 

6.2477 

134.61 

0.0653 

2,54708 

2.902 

3.3442 

141.53 

0.0329 

0.36787 

3.142 

1.9480 

126.78 

0.0224 

0.08491 

Significant 

Roll  Amplitude 

Response 

(2^1110)  6 

.55341 
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C-; 


MONOHULL  ROLL  MOTIONS  IN  BEAM  SEAS  (UNSTABILIZED) 


Irregular  Wave  Significant  Height; 

3.000  (ft) 

Irregular  Wave  Modal  Frequency: 

1.2570  (rad/s) 

Wave 

Amplitude 

Wave 

Response 

Frequency  Response 

Spectrum 

Spectrum 

(rad/s) 

(Unstabilized) 

0.9670 

1.8224 

0.2337 

0.7761 

1.0470 

2.0777 

0.4151 

1.7920 

1.1420 

2.4164 

0.5762 

3.3644 

1.2570 

2.8804 

0.6400 

5.3101 

1.3960 

3.5374 

0.5814 

7.2748 

1.5710 

4.5172 

0.4389 

8.9556 

1.7950 

6.2072 

0.2785 

10.7314 

2.0940 

10.0186 

0.1480 

14.8586 

2.2480 

12.1099 

0.1081 

15.8478 

2.5130 

8.1158 

0.0647 

4.2604 

2.9020 

2.7244 

0.0326 

0.2419 

3.1420 

1.5378 

0.0222 

0.0524 

Integral  of 

Response  Spectrum, 

15.11 

Significant 

Amplitude  Response,  2  j  m^ 

7.78  (deg) 

Irregular  Wave  Significant  Height; 

3.300  (ft) 

Irregular  Wave  Modal  Frequency; 

1.1310  (rad/s) 

Wave 

Amplitude 

Wave 

Response 

Frequency 

Response 

Spectrum 

Spectrum 

(rad/s) 

(Unstabilized) 

0.9670 

1.8224 

0.6339 

2.1053 

1.0470 

2.0777 

0.8056 

3.4775 

1.1420 

2.4164 

0.8599 

5.0210 

1.2570 

2.8804 

0.7808 

6.4783 

1.3960 

3.5374 

0.6120 

7.6575 

1.5710 

4.5172 

0.4153 

8.4735 

1 .7950 

6.2072 

0.2450 

9.4393 

2.0940 

10.0186 

0.1242 

12.4613 

2.2480 

12.1099 

0.0894 

13.1084 

2.5130 

8.1158 

0.0527 

3.4710 

2.9020 

2.7244 

0.0262 

0.1948 

3.1420 

1.5378 

0.0178 

0.0420 

Integral  of  Response  Spectrum,  m^ 

13.87 

Significant  Amplitude  Response,  2j  m^ 

7.45  (deg) 
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MONOHULL  ROLL  MOTIONS  IN  BEAM  SEAS  (TANK  STABILIZED) 


Irregular  YJave  Significant  Height: 

3.000  (ft) 

Irregular  Wave  Modal  Frequency: 

1 .2570  (rad/s) 

Wave 

Amplitude 

Wave 

Response 

Frequency  Response 

Spectrum 

Spectrum 

(rad/s) 

(Stabilized) 

0.9670 

1.8300 

0.2337 

0.7826 

1 .0470 

1.9100 

0.4151 

1.5144 

1.1420 

2.0900 

0.5762 

2.5169 

1.2570 

2.6100 

0.6400 

4.3599 

1 .3960 

2.7400 

0.5814 

4.3647 

1.5710 

3.8600 

0.4389 

6.5393 

1.7950 

5.0400 

0.2785 

7.0750 

2.0940 

5.8700 

0.1480 

5.1008 

2.2480 

5.6200 

0.1081 

3.4132 

2.5130 

5.1000 

0.0647 

1 .6824 

2.9020 

2.6000 

0.0326 

0.2203 

3.1420 

1 .4600 

0.0222 

0.0473 

Integral  of 

Response  Spectrum, 

7.32 

Significant 

Amplitude  Response,  2j  m^ 

5.41  (deg) 

Irregular  Wave  Significant  Height: 

3.300  (ft) 

Irregular  Wave  Modal  Frequency. 

1.1310  (rad/s) 

Wave 

Amplitude 

Wave 

Response 

Frequency 

Response 

Spectrum 

Spectrum 

(rad/s) 

(Stabilized) 

0.9670 

1.8300 

0.6339 

2.1229 

1 .0470 

1.9100 

0.8056 

2.9388 

1.1420 

2.0900 

0.8599 

3.7561 

1.2570 

2.6100 

0.7808 

5.3191 

1.3960 

2.7400 

0.6120 

4.5943 

1.5710 

3.8600 

0.4153 

6.1873 

1.7950 

5.0400 

0.2450 

6.2231 

2.0940 

5.8700 

0.1242 

4.2779 

2.2480 

5.6200 

0.0894 

2.8232 

2.5130 

5.1000 

0.0527 

1.3707 

2.9020 

2.6000 

0.0262 

0.1774 

3.1420 

1.4600 

0.0178 

0.0379 

Integral  of 

Response  Spectrum. 

7.06 

Significant  Amplitude  Response,  2j 

5.32  (deg) 
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DEPTH  OF  LOWEST  POINT  ON  VESSEL .  1.09 


STIFFNESS  MATRIX  AT  THE  CENTRE  OF  GRAVITY 
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ADDED  MASS-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


o 


O 

LLi  O 
QC  C 
u-  a: 

O  w 

—  CJ 
a:  uj 
tu  in 
Ol 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

tu 

LU 

LU 

tu 

LU 

LU 

lU 

UJ 

LU 

LU 

o 

O 

O 

o 

O 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

4- 

4- 

4- 

+ 

+ 

+ 

+ 

4- 

4' 

4- 

lU 

UJ 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

o 

o 

O 

o 

O 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

o 

o 

o 

O 

o 

O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

4- 

4“ 

4- 

4- 

4* 

4- 

+ 

+ 

+ 

4- 

lu 

lU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

LU 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

O 

O 

o 

o 

d 

o 

o 

d 

d 

O 

d 

d 

fO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CM 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

+ 

+ 

+ 

4" 

4- 

4- 

+ 

+ 

+ 

4- 

lU 

LU 

lU 

LU 

lU 

LU 

LU 

LU 

LU 

LU 

in 

1^ 

CM 

00 

ro 

o 

ro 

o 

00 

O 

ro 

in 

tn 

CM 

'4’ 

O 

O 

>a- 

in 

in 

in 

in 

tn 

>a- 

CM 

•4- 

roroforoKJhnroromciJcjro 
oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
lUUiUJUJUJlJJUJlllUJLUUJUJ 

N-orarooofooococoo 
n!coooco  ooN-inrorMOin*- 


oooooooooooo 

oooooooooooo>- 

+  +  +  +  +  +  +  +  +  +  +  +  y 

IXlLUlLtUILULUtULULLILIJUJUiZ 

OOOOOOOOOOOOLLl 

OOOOOOOOOOOO^ 

OOOOOOOOOOOOUJ 


OOOOOOOOOOOOO 
+  +  +  +  +  +  +  +  +  +  +  +  0 

LULULUUIUJUJUJUJLLJIJJLULU*^ 
o^ir\rO'«3'fvicof\iO‘CON>'4‘^- 
roN3-in>ocoO'^r«-co>ooo>tuj 

.  . . ■a. 

> 

'OO'O'O'O'O'O'O'O'O'O'O  < 
0000000000003 
+  ■4'  +  +  +  +  +  +  +  +  +  +^ 

Itl  tLt  tfl  til  III  UJ  U_t  LU  tJJ  UJ  LLI  m  as 

h-cooO'Lnotor^Ofvjm'j-t— 

>0'00'0'Oin'4’CMf\i^oo»-« 


i/\inLnmtomtrimLnir»min 

oooooooooooo 
+  +  +  +  ++  +  +  +  +  +  + 
tULULULULUtUUJUJUJUJIJJUJ 
tnoorO'Oroorvifvjr^or^Ln 
^^rsjf\jcvj«-'00>3‘roooo 


OOOOOOOOOOOOQ- 
+  +  +  +  ++  +  +  +  +  +  4-^ 
LUUJLUUJtUUJLlJUJUiLlJlJJLUC 

O00>3’Oh-rOC0N-C0  O 

00000'Oiri«4'fVJfM<P“t—  T— 

rvj-«— 


oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 

LliUJUJUltiJLUUJUJUJUJLUUJ 

0«— f>j>^LnLnfvj'Ohoeotvoo 

oooooooooooo 
+  +  +  ++  +  +  +  +  +  +  + 

iti  t»i  111  til  til  LU  m  m  LU  LU  LU  m 

rsjcO'<s-o*-r^N*rMfMfO'^r<o 


r^r^rsjN.'O*— iri'j-coroojoj 
'Osj-'>d"vnOr^C>'C>'v3'*—  o^ 
oo-t-oJroirtr^ofMLno^— 

*— <“(\J  (Mrvjruro 

OOOOOOOOOO'OO 

LnOLnOLnOi-nor^in*”0 


0 

UJ  o 

oc  < 


O  CO 
*—  CJ 
Cd  UJ 
LLI  €/) 
O-  ^ 


OOOOOOOOOOOO 
OOOOOOOOOOOO 
+  +  +  +  ++  +  +  +  +  +  + 
luujluujujlliujlijujujijjuj 
OOOOOOOOOOOO 
OOOOOOOOOOOO 

OOOOOOOOOOOO 


OOOOOOOOOOOO 
OOOOOOOOOOOO 
+  +  +  +  +  ++  +  +  +  +  + 
tit  111  HI  HI  Hi  m  LLI  LU  LU  LU  LU  LU 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


oooooooooooo 
oooooooooooo 
+  +  +  +  ++  +  +  +  +  +  + 
liilJLiLiJUJLiJllJUJllJtiJUJUJUJ 

oooooooooooo 

oooooooooooo 

oooooooooooo 


c\jr\jrofOKiroKJ'j‘Nt^sf'<f 
oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
ttt  III  in  III  til  III  til  111  Lll  m  UJ  LU 

rotvjcocvjinforofMoooJu^r^ 
(\jorvJ^inKin«-«--oj«“<“ 


m  CO  ^  fvj  ro  in  00  ' 


K»romromK)>^>s-srNT'^-si- 

oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
UJLLiUJlUlJJUJUiUJLLILUtiJUJ 
ir»>J’OfMN.vtC0inf\J>J-N-'O 
ojcocommm(Min>0'Oin<r 


^  ^  ra  >1“  >0  O'  ’ 


OOOOOOOOOOOO 
OOOOOOOOOOOO 
+  +  +  +  +  ++  +  +  +  4*  + 

LULUUJlJJUJLLJllJUJLLJUJtlJLLl 

OOOOOOOOOOOO 

OOOOOOOOOOOO 

OOOOOOOOOOOO 


^T“ror\jrororO'4'^'^'4-u^ 

OOOOOOOOOOOO 

4-4-4-4-4-4-4-4-4-4'4-4- 

UJUJLlJLlJUJUJLLlUJUJUJUJUJ 

ir\fO'OCOtnmeoeoin'<t'<fm 

ini'n'Cr-^rominoor^O'OJ 


fn  N-  ' 


•>3-^K>O^C\JKI>OOv' 


mu^ininminm>0'0'0inLn 
OOOOOOOOOOOO 
4‘4-4*4-+4'  +  +  4'4-4‘  + 

111  III  til  t»i  III  tit  ixj  lij  LU  111  111  LiJ 

oc>''O>i-O00O'mintM'4‘>o 

oooo'oro 


«—  «—  c\j  ro  in  h-  O'  ' 


■  CO  N. 


^sr'<r'cr>i'minmmininm 

oooooooooooo 

4-4-  +  +  +  +4-4-  +  4"  +  4- 
ttt  lit  Hi  til  111  tu  111  lii  m  LU  t-U  UJ 

oofvjoooinr^-coo'^oo'o^r 

>a-cMvi-inO'rooo*-cMOl^in 


fvjroinco*— «~rMrsj<NJ«^T— 


OOOOOOOOOOOO 
4-  +  4-4-4-4-  +  +  4'4-4'  + 
UJLUUJUJUJIULIJLIJUJUJILI  UJ 

O'>a-in'ON.i^«-N-'«-c0'<i‘O' 

«4-o«-fMrO'^tn'4''4-rMoco 


OOOOOOOOOOOO 
+  4'4'  +  4'4-4'4-4‘4'  +  4' 

UJlUUJUJllJlIJUJUJllJUJliJUJ 
f\j«<fin>crooNO*~c\j'<fO'oa« 
oocO'OO'mrocO'Omro'Ocu 


■«--  oj  'cr  ' 


■  c\j  fo  in  >o  N-  00  O' 


OOOOOOOOOOOO 
4'4-4'4'4-  +  ++  +4-4-4- 
111  it t  U4  UJ  UJ  UJ  111  UJ  UJ  UJ  UJ  LU 
O^00O*J-'0vffVJ>0'4*C0O 
«sf>«—(\injcM(\jcoh-njcvJom 


^  f\j  M  in  00  ' 


‘  csi  ro  in  m 


i''-»^c\jr'-NO»-inN3-cOfonjfvj 
'0''}-'<rinoi^0v0‘^»— o^ 
O'O^ojroinN-ocvjinO'^ 


O  t-  t 


'  <\j  oj  CM  (\j  m 


OOOOOOOOOOOO 
inoinOinOinot''-tnT— o 


oominvi'^i-romcMCMCMCM 


TOTAL  FORCES-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


CO 


oooo^corooo'omo' 


oooooo^csrjovoro 
I  I  I  I  «—  ro  m  CO  o 


m  til  m  111  111  iti  lit  111  HI  III  III  tn 

>4'mLnO‘NO'OOCOh^'00>J’ 

in(MOco><ffvjrn<«-->3“rOLnLn 


roroKJfOK>''d-^>3-vrsf'<fhn 
oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
111  HI  lit  111  III  lit  HI  til  Iti  lit  lit  HI 

r^va-Lncjoofvjooinoocs'Ooo 


+  +  +  + 


+  +  +  +  + 


lu  uj  m  m  m  iti  m  tii  in  iti  lit  lii 

O'OJOOOOO'O'^—'OO^ 
'0'«3'inT— Ln«-incoON3-corvj 


Os«-cooor\j(MstT~f^c>in«i 


K)roror«-moO'orfOO>3’>3'tn 


eg  m  so  CO  ^  1 


■  (M  rg  rvi  T-  N. 


ojrosr'Ooo^’f-T— rgrgrgrg 


■OcoogngrgroOsOrg^r 

-oo*--rgcoomoooo^ 


oosoooorviinl 


intntoiniAi/>mmtnin'^>g- 
oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
>»«  Uf  tW  UJ  m  m  UJ  HI  lU  «»< 
rO'OOsOs4'CO'Oin*~c\jroi^ 
OsO»~MrorgO'0>^oo^ 


OT“rg-<rcoorgT-Os>oooo 

0'0'0'0s0'O<NJiO'0m0sr>0 


minmiAtnincnininLr»>4->a“ 
oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
ujujlljlljujujujujujujijjiu 
eoo«-T-'OrgN-0'0^ooo 
'0c0000000'0's3-0j0>0 


or~rgsrcONOT~»-coc>f\jT“ 

O'^O'OsOsOrgin'Otnt—co 


srmintnmmmLnLn'4^-scr>a‘ 

oooooooooooo 

+  +  +  +  +  +  +  +  4-  +  +  + 
UJUJiliUJUJUJLUUJUJUJUJUJ 

r^tnrgcoroojf^N-rocororg 

l^o^»~f\j(\it“OoN.roco 


■  fvi  eg  rvj  rg  oj  rg  s 


’  CO 


inoo-g'inmoooo'r-oinin 

>3'Oor^co-s3’N.msOT~ogo 


»-T-^rgrgrgT--»“«r-«-f^<r- 


sOOsOOfOO^N-O^p-r-OOtri 

oc^coroocorgeoN.ogT->o 


T-  r-  ^  ^  , 


■  O  CO  >0 


>oooh-sfo^ogoor“00 

ooh-rgOsOrgN-cOT-N-rvi 


orgN.'OOorooooot^>a- 
I  I  »  eg  •  o 


1 1 1  II I  1 1 1  1 1 1  tu  UJ  LU  UJ  LU  UJ  LU  UJ 

Osrgrg'O'sj-'^roO'j-Ohncoeg 

fcooi^romfuroogcoforg 


oososooo^i'f'^rgt 

OsCOOOCOCOCON-tni 


oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
LU  LU  LU  LU  LU  LU  LU  LU  LU  LU  LU  LU 

ro«-^oorgrgmt\jsO*-to«4- 

inco*-hoinro>a''00«^h-i^ 


oo^OsOor-^g-h-ocoT-rwo 

OsOOOOOOOOOOh->Ovf<\JfsoOO 


oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
lULULUUJLULUUJiJUUJUJLULU 
N.>sfi^ro>«-NOro*-Os><f^Os 
rgco-sg-T-N-oinoO'fMsr'O 


oorO'-rgr~ror~i(— (Ml 


ro  ro  -4“  "g*  'g-  'j-  ro  ' 


•  00  , 


cOf^rotMN-coiri^^^c>s*«g- 

o>g-->g-in'O^^N.N.rgo«- 


cg>o^cocO'g-OLn«--rgrnN- 

'r-cMrgmmcomr^fO'O 


+  +  +  4'  +  +  +  +  +  +  +  + 

III  III  tn  III  III  tit  tn . tn  III  til 

h-c0'<r'sOroK)m-«g-m<M0s'O 

ooinrgco^rosroroinooos 


rg'O'-oocoKJ'OLnocorgro 

ir-r-(MrgromN-«-'g-'OcO'g- 


'sa-'g“Ng‘'g->g''^^^K)fOfOro 

oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
III  tn  til  in  in  til  111  til  tit  III  III  tti 

«-m*-iA'OcvjfvjOsOirteMro 

a*'OroosLni^'«ooosst>org 


'0'ON-COOOoOCON.La>g-<Ms 


cO'OfvJsoofM(^oocor\j>g'Os 

c>s>3“>4->4-scfrofMcorgN.irkirk 


f\jso^--cooocvi»— N.rgh-'O'O 

T— T—  rgogroinr^Os-r- roi^LTi 


oooooooooooo 

+  +  +  +  +  4*  +  +  +  +  +  + 

UJ  111  m  LLi  n I  UJ  til  111  III  III  til  III 

o^^g-ro-r-ooi^fv-tM^CM 
ON.>g'T—  oO'g-^N-LTvCM'OK) 


ro  eg  eg  s 


■  ^  CO  00  N.  ITi 


hOfOforvJCMeg«-«-oo>Ou*Lu^ 


^»-Osooos>g-r^roo>g-N-oo 

o.o«-«oeoN-oocOLnOs^fO 


'g-K)roroejrgrvj^-«~T~>ohn 


^T-r-rnmi^mvr'g-^-ego^ 

OsoegN-otMLn^g-Osu^egfo 


fomin^'OOsco»-'ON-roo 
I  r-ro-N-soN-m^N-eg 


LUUJLULULULU  LUUJLULUUJLU 

r^moofn''0'-^^'0-«-ro 
o>ymN.mr>.*--r^%4’«—  mm 


OGOo^^g-o^tocoo-^f 

CGOOsOOsOsO-r-mOOvt 


rororoK»K»rorororvjcMK»ro 
OOOOOOOOOOOO 
+  +  +  +  +  +  +  +  +  +  +  + 
tJJ  III  m  111  lit  III  III  til  lit  111  III  III 

o^-g'ooegosoom'om'ooj 

ic-rgro>g‘sO'OmOfOO«-o 


0>ooofvimrsjh*-'0'g-mm 

eoc^o*c>s00s0^eg•4‘0'0 


fOrOMrororororomroroej 

oooooooooooo 

+  +  +  +  +  +  +  +  +  +  4-  + 
LU  LU  LU  LU  LU  LU  LU  LU  LU  LU  UJ  LU 

msg-oooN-O'or^oorooo 

o^>g-'Ooeg>g-egomrom 


■l^NOoorooN-*- 


■  ^  'O  K)  ' 


egegeg^g-l^mm'soofor^eg 
o*— «— ^-egmr^oosg-mN-co 


^egcMegrohnmromegT--N3- 


ooor-mofoN^N-or'-Osi^ 

^OOOCO^^S->^sl'0•^3■^0^ 


o«“eg>j-coooor^ascosj-h- 
c>sOsOOOsOroe-^o>g-  • 


fOKirorof^rorohOKiK)roK> 

oooooooooooo 

4-4-  +  +  +  +  +  +  +  +  +  + 

III  III  lit  HI  111  III  III  III  lit  III  111  III 

f00s'0»“0segr0'0oes.ooe«- 
0'0egsr>j-'4'<“0'^— sOsOm 


rofomrofomrororomrofo 
oooooooooooo 
+  +  +  +  +  +  +  +  +  ■♦'+  + 
III  111  111  IM  111  til  III  lit  III  lit  III  III 

0>'>g-«--N.^N.omrgegegrvj 

vOcoo^hOfomoocoeoN. 


0>sOs<>sC>sOsO^<MfO>4“N-i 


MrohoromrororofOMCMCU 
oooooooooooo 
+  +  +  +  +  +  +  +  +  +  +  + 
UJ  m  lit  111  lit  111  111  III  lit  m  111  tit 

«~*--egsOs^oor^«-«-(MO 

o^egrom'OO'OO'O'Om 


•egej(M<MOj(MT— egrgegrvj 


•  T-  rvj  CM  eg  CM  eg  eg  I 


■  T-  •-  fM  CM  <-  00  -sj- 


* 

* 

* 

♦ 


o 

I— 

CJ 


o 

o 

ck: 

LU 

a. 


o 

o 

o 


o 

o 

o 

ro 


o 

o 

o 


rv.N-fvirs>NOT-m>g-00fOfMfM 

'O'g-sfmOsf^O'O^a-^O'g- 

Oso^—egromr^ocMmos^ 


o«— ^^T-egcMrgrgro 

OOOOOOOOOsOvOO 

momomomors-mr-o 


•sO'Omm'^>3-cofoej(MrgfM 


h-.N-egrs-.o^m^i'cotoegrg 
’«0'g''g-mor^oOs*^^o>3- 
oo-*— cMmmtv.oegmo»- 


o*“>»“«-<— -r-T-egcMegcMiso 

OOOOOOOOOOnOO 

momomomor^mv-o 


'0'Omm>g“'g-roroegcMfMrg 


r^N-cMfs^sO*—  m>g-oOPO(Meg 
'0>g''«g’m0sr'-00ssr»-o^ 
O^OT-rumLne^ocMmOs-*— 


OOOOOOOOOsOsOO 

momomomoN-m^o 


sONOmmsg-sg-forocMCMCMeg 


TOTAL  FORCES-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


o 


♦ 

•ic 

-ic 

•IC 


cvr 

oc 


fsJ 


X 


LU 

CO 

< 

ac 

CL 


Ol 

CO 

< 

a: 

CL 


LU 

CO 


CL 


CL 

z: 

< 


UJ 

CO 


CL 


CL 

z: 

< 


UJ 

CO 

< 

CL 


O. 

£ 

< 


UJ 

CO 


CL 


CO 

UJ 

UJ 

QC 

d 

UJ 

o 


CO 

o 

Ul 

CO 


vt 

N- 

O 

O 

00 

IN- 

00 

CO 

O 

to 

O 

in 

o 

NO 

ru 

O' 

«- 

ro 

vO 

ro 

ro 

ro 

C\j 

o 

f\J 

in 

>3- 

in 

CN 

in 

ro 

CM 

rvj 

fO 

O' 

'j- 

ro 

N. 

O' 

-Nr 

NO 

' 

* 

' 

T” 

1 

K> 

•<r 

vS- 

ro 

ro 

ro 

ro 

ro 

ro 

CM 

CM 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

UJ 

Ul 

ut 

Ul 

Ul 

Ul 

Ul 

LU 

Ul 

Ul 

Ul 

UJ 

vr 

(\1 

in 

in 

'O 

nC) 

O' 

CM 

ro 

CO 

ro 

{\i 

vO 

■o- 

O 

N. 

ro 

NO 

CVJ 

in 

ro 

CM 

lO 

<!■ 

O' 

CO 

o 

fVJ 

'O 

CO 

in 

in 

O'  nO 

Kl 

CM 

CO 

'O 

nO 

(V 

O' 

CM 

O'  in 

LO 

1^ 

'C3 

ro 

>o* 

o 

cs 

O^ 

'O 

NO  00 

o 

«— 

tr- 

'j* 

NO 

C\J 

CM 

ro 

00  'O 

1 

' 

Y 

' 

' 

«— 

C\J 

CVJ 

fU 

CM 

f\J 

(M 

CM 

CM 

CM 

CM  CM 

o 

o 

o 

O 

o 

o 

O 

O 

O 

O 

O 

o 

UJ 

LU 

Ul 

Ul 

Ul 

Ul 

Ul 

tu 

Ul 

Ul 

Ul 

Ul 

fVJ 

00 

«-» 

<M 

O' 

N. 

in 

O' 

rN- 

O' 

m 

ro 

OJ 

O 

'O 

n3- 

CM 

CM 

in 

CM 

o  ro 

>0 

f\J 

o^ 

ro 

-- 

ro 

CM 

CM 

m 

CO 

00 

in 

o 

o 

ro 

in 

nO 

in 

O'  c> 

o 

O 

1^ 

rvj 

O' 

'O 

O 

O' 

N. 

CO 

CD 

cs 

O' 

(> 

1''^ 

va- 

hs! 

CM 

CM 

CM 

ro 

CM 

O' 

CO 

CO 

CO 

00 

CO 

IN- 

'O 

in 

ro 

• 

ro 

Nd-  -M- 

in  in 

in  in 

in  3 

3  3 

o 

o 

o  o 

o  o 

o  o 

O  O 

o  o 

+ 

+ 

+  + 

+  + 

+  + 

+  + 

+  + 

lU 

Ul 

Ul  Ul 

LU  LU 

LU  LU 

LU  LU 

LU  LU 

ro 

ro  ^ 

O  CM 

in  o 

nO  cm 

o  h- 

ro 

o 

00  N- 

O  ^ 

T-  ««— 

O  3 

CM  O' 

CO 

CO  o 

^  O' 

fN.  ir\ 

CO 

nO 

T-  ^ 

O'  |N- 

O  CM 

r-  »- 

O'  O' 

O' 

Nj-  Nj- 

nj  CO 

IN-  O 

O'  nO 

nO  o 

CM 

NO 

^  CO 

CO 

O  >3 

|N-  NO 

CM  CM 

ro  m 

'O  O 

o  ro 

1 

' 

'  • 

'  ' 

'  ‘ 

>3- 

'3-  Na- 

•^r  '3’ 

n3  >3 

3  3 

3  3 

O 

O 

o  o 

o  o 

O  O 

o  o 

o  o 

+  + 

+  + 

+  + 

+  + 

+  + 

Ul 

tu 

LU  UJ 

LU  LU 

UJ  LU 

tu  LU 

LU  tu 

O' 

T-  OJ 

ro  N- 

CM 

CM  r- 

m  in 

O 

m  CM 

O'  NO 

>3  ^ 

O'  nO 

ro  CM 

'J- 

ro 

ro  ro 

CM  CM 

CM  CM 

^  'I- 

in  CM  CM  nO 

ro  no 

nO  ro 

in  m 

ro  o 

N-  O' 

O  O  CM  N. 

T-  in 

in  in 

nO  cm 

O 

o 

o  o 

CM  in 

ro  o 

^  m 

O  CM 

CO 

O' 

O'  O' 

O'  O' 

O  CM 

to  in 

nO  ro 

* 

* 

'  ' 

'  ' 

T  T 

V  *7 

ro 

ro 

ro  ro 

ro  ro 

ro  ro 

ro  to 

ro  ro 

o 

o 

o  o 

o  o 

o  o 

o  o 

o  o 

+ 

+ 

+  + 

+  + 

+  + 

+  + 

+  + 

Ul 

LU 

LU  Ul 

LU  LU 

LU  LU 

LU  LU 

tu  tu 

in 

O 

^  tN- 

fN-  'O 

nO  ro 

m  fN- 

O'  3 

CM 

in 

eo  t“ 

m  O' 

CM  -3 

3  ro 

3  >0 

CM 

CM 

CM  ro 

ro  ro 

3-  3 

3  3 

3  3 

O 

in 

'3-  '3- 

m  in 

CM  3 

^  o 

no  cm 

o 

00  ro 

O  '3- 

IN.  in 

CM  r". 

CO  r^ 

in 

in 

CM  ro 

T- 

O  O' 

O  nO  CM 

CO  O  00  ^ 

^  o 

O 

CM  ^  3  O 

* 

*7 

1  Y 

1  I 

1  1 

-j- 

"a-  "3 

•3-  '3- 

3  3 

3  3  3  3 

o 

o 

o  o 

O  O 

O  O 

O  O 

o  o 

Ul 

Ul 

UJ  LU 

LU  LU 

LU  tu 

tu  LU 

LU  Ul 

O  CO  nO  00 

-3  nO  00  *3 

in  ro  ro  ro 

00  O  CM 

ro  CO 

ro 

O  3 

-O  O 

>«—  CM 

ro  CM 

TO  3 

3  3 

^  ro 

o 

o 

o 

O' 

r>.  fN.  CM  |N- 

nO 

t— 

in 

3 

00  ro 

CM 

CM 

<0  3  3 

m 

O'  |N~ 

o 

O' 

3 

O  3 

O'  o 

r- 

CM 

ro 

in 

N- 

o 

CM  in  O' 

o  ^ 

t- 

r- 

CM 

CM  CM 

CM  ro 

o  o 

o 

o 

o 

o 

O 

O 

O'  o 

NO 

o 

in  o 

in 

o 

in 

o 

in 

O 

|N-  in 

T— 

o 

o  NO 

in 

in 

3 

3 

ro 

ro 

CM  CM 

CM 

CM 

(SECS)(RAD/S)(DEGREES)  AMP  PHASE  AMP  PHASE  AMP  PHASE  AMP  PHASE  AMP  PHASE  AMP  PHASE 


o 


fVJ 

fO 

fO 

m 

sO 

o 

00 

o 

o 

O' 

in 

N- 

nj 

nj 

ro 

s^- 

O'  -4- 

CM 

o 

o 

O' 

in 

in  O' 

N-  O 

00 

'4' 

CN  fO  'O 

'O  tn 

in 

rsj 

sj- 

o 

'4’ 

o 

o 

O' 

O'  N* 

o 

ro 

in 

O' 

O'  N. 

O' 

o  o 

O' 

O' 

N.  CO 

»- 

N. 

04  >0 

00 

CO 

O 

•S3- 

T- 

O' 

o 

CO 

00 

o 

o 

o 

O' 

O' 

O' 

O' 

'O 

00 

m 

>0 

in 

CO 

o 

o 

O' 

Ch 

O'  CO 

in 

O^ 

in  N- 

o^ 

yji 

o 

in 

o 

CO 

Os 

T— 

o 

O' 

CO 

o 

CO 

00 

r- 

r- 

t'- 

r- 

>0 

NO 

in 

ro 

>0 

00 

00 

r- 

N- 

in 

s4-  T- 

00 

N. 

«— 

•“ 

1 

* 

' 

«— 

*7 

r— 

T- 

r-  «- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

in 

fO 

o 

O'  ^ 

ro 

CO 

OJ 

ro 

O' 

r- 

nj 

in  00 

sO 

in 

N-  ro 

o 

•s3- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

00 

m 

00 

h- 

o  >0 

rj 

>4- 

O' 

o 

sO 

in 

O' 

O  sO 

-4- 

>0 

O' 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

ro 

h- 

r- 

ro 

CO 

O' 

r- 

N. 

o 

CO 

o 

ro 

>0 

o 

O  o 

sf 

r-  o 

s4- 

>4“ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

K> 

ro 

KJ 

-4- 

'4- 

in 

in 

in 

in 

ro 

O 

ro 

ro 

ro 

>4 

'4-  in 

in 

>4- 

'4-  >4“ 

ro 

04 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

O 

o 

CO 

o 

o 

o 

o 

o  o 

o 

o 

o  o 

o 

CO 

ro 

r^  m 

O' 

00 

ro 

in 

<— 

04 

r— 

ro 

r-- 

in 

«— 

O' 

o 

o 

04  CO 

ro 

•*-  ro 

N-  >0 

s4-  O' 

in  sO 

04  Os. 

-o 

o 

o 

o 

o  «-* 

04 

-4“ 

04 

ro 

o 

>4- 

o 

04 

O 

o 

o 

ro 

-4“  '4- 

o 

>0 

sj- 

o  o 

o 

ro  in 

O'  S- 

ro  CO 

in 

-st 

o 

<=> 

o  o 

o 

O 

O 

s4- 

■4- 

04 

04 

ro 

O 

o 

CD 

o 

o 

O  O' 

•S3- 

'O 

NO 

o  o 

o 

o 

o  o 

O' 

nT 

^  -J 

o 

o^ 

O' 

O' 

O'  O' 

O' 

O' 

00 

00 

CO 

o 

sO 

vO 

O' 

O' 

O 

O' 

O' 

O'  00 

CO 

00 

00 

>0 

O'  c> 

O' 

O' 

O'  O' 

CO 

00 

CO  00 

o 

' 

1 

1  1 

1 

' 

' 

* 

' 

T— 

' 

' 

* 

‘ 

• 

'  * 

1 

' 

' 

T- 

*  ' 

' 

* 

t  1 

' 

' 

*  ' 

t- 

T 

>4-  'O 

T-  O 

04 

o  r- 

CO 

o 

>4- 

00 

ro 

O' 

in  *— 

o 

O'  in 

04 

in 

ro  ^ 

n3- 

o 

nj  ^ 

fC 

o 

O'  ^ 

00 

ro 

o 

«-  m 

ro 

04 

r— 

o 

If— 

N. 

04 

04 

CO 

T— 

t-  04 

CO 

ro 

o 

^  O' 

04 

Vt 

^  04 

•st- 

N. 

in 

04 

sO 

O'  00  in 

ro 

'4' 

0- 

o 

00 

in 

ro 

C 

00 

04 

in 

O'  ^ 

o 

N. 

04 

O'  o 

•o 

o 

ro  00 

ro 

00 

ro  f"* 

ro 

nj 

O'  CO  >0 

r- 

ro 

ro 

O' 

o  rs- 

in 

O' 

ro  Os. 

04  O' 

o 

in  ro  00 

'4- 

CO  o 

ro 

>o  O' 

'4- 

>o  O' 

o 

>0 

C\J  04 

fo  ro 

'4' 

ro 

*- 

o 

04 

04 

ro  ro 

>3- 

ro 

O 

O 

o  ^ 

T—  «— 

f4 

04 

r4  ^ 

o 

in 

ro 

s4‘  in 

>4'  CO 

o 

o 

vO  N. 

O'  s4- 

o 

O'  N. 

O' 

N.  O 

CO 

04 

>0 

O 

O  O' 

>0 

O' 

nS- 

in 

04 

ro 

O' 

ro 

in 

o 

in 

O' 

vO 

in 

r- 

>a- 

04 

o 

O'  O' 

CO 

t\j  ro 

ro 

CO 

O' 

O  O' 

O' 

00 

N-  ro 

o 

04 

r- 

>0 

o 

O'  04 

r- 

'4' 

*4- 

CO 

Os. 

•S3- 

C4 

*0 

>0 

C^ 

o 

O' 

O' 

O' 

O' 

O'  CO 

04 

04 

s4-  in  o 

O  O' 

d 

d 

<>  d 

d 

ro 

04  O' 

ro 

ro 

r^ 

1 

N- 

04 

•4- 

o 

1 

O' 

CO 

CO 

CO 

00 

00  CO 

CO 

NO 

v3- 

O'  00 

CO 

00 

00  CO 

00 

O' 

O  04 

00 

* 

* 

o 

o 

O 

o 

o 

o 

o 

O 

O 

o 

o 

o 

O' 

CO 

in 

00 

>0  ro 

>0  04 

in  •'O 

04 

in  r^ 

in  rs- 

04  in 

O' 

ro 

S^- 

in 

'O 

o 

o 

o  o 

o 

o 

o 

O 

O 

o 

o 

o 

ro 

ro 

O' 

o 

O' 

00  s.^ 

O' 

ro 

m 

m 

in  sj- 

so 

>0 

00 

00 

CO 

ro 

ro 

O' 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

f'- 

00 

00 

00 

CO  N. 

>4- 

ro 

'O  O' 

in  >0 

ro 

O'  N-  04 

CQ 

m 

ro 

>0 

o 

o 

o  o 

o 

o 

o 

O 

O 

o 

o 

o 

00 

O' 

04 

•4- 

O  1'^ 

ro 

O' 

CO 

>0 

in  0^ 

o 

ro 

00  in 

'4- 

N. 

ro 

'4' 

04 

in 

o 

o 

o 

o 

o 

CD 

o 

o 

<D 

o 

o 

o 

o 

C) 

d 

CD 

c? 

04 

04 

04  ro 

in 

>o 

d 

04  O' 

O'  O' 

r- 

ro 

s4- 

nj 

04 

04 

'O 

04 

CO 

CO 

o 

vO 

sO 

O' 

r^ 

00 

O'  'O 

o 

ro  00 

0- 

o 

O'  o 

o  >3- 

^  C4 

O' 

>0 

ir- 

04  sj- 

o 

CO 

CO 

o 

>3- 

O' 

>o 

04 

'4- 

00 

o 

CO 

in 

s4‘ 

-e— 

V-  T- 

CM 

>4- 

in  O' 

O  1^ 

O  T- 

04 

NO 

o  d 

o  o 

«- 

04 

O'  c^ 

04  Ns 

in 

Ns 

o 

o 

O 

O 

o 

04 

in 

o 

«- 

04  in 

o  o 

d 

d 

o  d 

ro  00 

in 

ro 

1  1 

1  i 

1 

1 

• 

ro 

'O 

O' 

s4-  O 

1 

1 

1 

1 

1 

« 

1 

t— 

ro 

>0  04 

in 

1  1 

1 

t 

1  i 

04 

st 

' 

' 

' 

' 

' 

1  ^ 

‘ 

m  s4- 

^  1"- 

O' 

04 

04 

CO 

in 

04 

O' 

o 

N- 

ro 

<— 

O' 

in 

O' 

O  00 

00 

r—  in 

o 

in 

^  00 

•o  r^ 

>0  O' 

T- 

00  o 

ro  O' 

rs-. 

o 

O 

s4- 

04 

ro 

O' 

■'4- 

>o 

00 

O  04 

04 

s4- 

in  O' 

sl- 

o  ^ 

O' 

O' 

00  *4- 

O'  (M 

Ns  04 

in 

ro  04  O'  s4- 

N- 

in 

rs. 

r'- 

04 

o 

Ns 

ro 

N- 

O  in 

O 

in  00 

>o 

fs.  sO 

s4-  04 

O'  s^ 

•st  hs. 

•O  O' 

o 

st- 

O'  C^  OO  00 

rw  >o 

s4- 

04 

04 

o 

O' 

O'  O' 

eo 

CO 

rs.  tn 

ro 

04 

-r-  o 

o 

O'  O' 

O'  O' 

00  00 

r-s.  in 

-st  04 

o 

o  o 

o  o 

o 

o 

O 

d 

d 

d 

d 

d 

o 

o 

O 

d 

d 

o 

o 

d 

d 

d  d 

d 

d  d 

o 

o 

d  d 

d  d 

d  d 

d 

d 

CO 

in 

04 

sO 

ro 

04 

N- 

00 

'O 

in 

o 

«s- 

o 

>o 

o 

r-s.  r^  Ns  -o 

on 

o  ^ 

«— 

^  in 

N- 

CM  CM 

in 

o 

K- 

0| 

-O  04 

in  'O 

N- 

ro 

CO 

04 

o 

>0 

o 

o 

o 

o 

o 

O' 

O' 

O' 

O' 

CO 

o  o 

o 

o 

o  o 

O  O' 

00 

'O 

m 

vt 

o  in 

V- 

04 

ro 

st 

ro 

o 

o 

o 

o 

o 

O'  O'  >0 

vO 

'O  ro 

d  d 

o 

o 

o  d 

O  Ns 

CO  Ns 

N^ 

Ns 

in 

o 

04 

T— 

04 

in 

O  fN- 

Ns. 

o 

o 

O'  o 

O'  O' 

00  00 

CO  Ns  Ns  st  in 

O'  O' 

O' 

O' 

O'  O' 

O'  O' 

O  S3- 

CM 

1 

* 

<r- 

' 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

Ns 

Ns 

O' 

O'  O' 

O  00 

O'  ro 

rs 

in  CM 

st 

CO  O' 

CM  in 

nO  O' 

st 

ro 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

in  O' 

o 

ro 

O'  st 

N- 

in 

'O 

in 

O' 

ro  st 

in 

st 

m  NO 

vT 

O'  sj^ 

st 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

rv- 

st 

CM 

00 

CM 

st 

ro 

CM 

CO  st 

o 

o 

T-  st 

st 

'O 

ro  T— 

ro 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

in 

st 

st 

st 

ro 

ro 

CM 

o 

o 

o 

O 

00  CO 

00 

N. 

r^  >0 

in 

ro 

CM  o 

o 

o 

d 

d 

d 

d 

o 

o 

o 

d 

o 

d 

o 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o  o 

d 

d 

o  o 

d 

d 

o  o 

o 

d 

o 

N- 

o 

r^ 

O' 

'O 

'O 

Ns 

00 

04 

sO 

o 

Ns 

O' 

ro 

ro 

CO 

in 

O' 

O' 

st 

o 

sO  o 

nO 

'O 

in  Ns 

st 

S3- 

nO  n- 

>0 

o 

ro 

in 

04 

m 

O' 

>0 

ro 

in 

o 

r4 

in 

>o 

>0 

CM 

O' 

00 

CM 

o  ^ 

CM 

st  CO 

in 

O' 

>o  ro 

in 

in 

d 

d 

d 

d 

d 

r- 

st 

ro 

in 

sO 

d 

st 

d 

o 

o 

o 

o 

T— 

ro 

in 

X— 

Ns 

O' 

o 

o  o 

d 

d 

o  o 

CM 

d 

O'  st 

00 

cd 

O'  O' 

O'  O' 

o 

O' 

O' 

04 

o 

m 

m 

O' 

O' 

O' 

O' 

o 

O' 

O' 

o  ro 

O 

CM 

in 

O'  O' 

o 

O' 

O'  O' 

O' 

O' 

O'  O' 

rs 

o 

1 

*7 

1 

04 

ro 

nO  in 

'O 

00 

CO 

o 

CO 

o 

in 

o 

o 

in 

O' 

o 

m 

CM 

'O 

00 

00 

st  CO 

O'  ro 

CO  r^ 

o 

CO 

st  00 

O' 

ro 

04 

O' 

04  >0 

CO 

N- 

O'  O' 

O' 

00 

st 

ro 

00 

ro 

CM 

><) 

o  in 

vT 

CO 

CO 

>o 

>0  -4- 

fO 

CM 

nO  o 

CM 

O' 

CM  ro 

o 

O' 

O'  ro 

00 

CNJ 

O 

CO 

Ns 

'O 

st 

ro 

04 

Ns 

CM 

00 

'O 

>0 

in 

Ns 

O' 

rN- 

T-  O' 

N- 

in 

CM  O' 

ro 

in  NO 

o 

. 

O' 

00 

00 

rss 

in 

ro 

O 

o 

00 

00 

Ns 

Ns 

sO 

in 

st 

o 

O 

o 

o 

in  st 

st 

st 

st  ro 

ro 

CM 

^  o 

o 

o 

o 

d 

d 

o 

d 

o 

d 

O 

o 

o 

o 

o 

o 

o 

o 

d 

d 

o 

o 

O 

o 

d 

d 

d 

d  o 

d 

o 

d  d 

d 

O 

d  d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

ro 

NO 

Ns 

Ns 

CM 

tNs 

'O 

T— 

m 

st 

CO 

fO 

CM 

CM 

Ns 

Ns 

CM 

Ns 

'O 

in 

st 

CO 

ro 

CM 

CM 

Ns 

Ns 

CM 

K 

>0 

T— 

in 

st 

00 

ro 

CM 

CM 

vO 

st 

st 

in 

O' 

Ns 

O' 

O' 

st 

o 

st 

NO 

st 

st 

in 

O' 

fNs 

O' 

O' 

Nt 

o 

st 

nO 

st 

st 

in 

O' 

Ns 

O' 

O' 

st 

o 

st 

O' 

o 

CM 

ro 

in 

Ns 

o 

CM 

in 

O' 

O' 

O 

CM 

ro 

in 

Ns 

o 

CM 

in 

O' 

O' 

O 

CM 

ro 

in 

Ns 

o 

CM 

in 

O' 

d 

<c- 

«- 

CM 

CM 

CM 

CM 

ro 

o 

•«- 

»- 

CM 

CM 

CM 

CM 

ro 

o 

d 

CM 

CM 

CM 

CM 

ro 

o 

o 

o 

o 

o 

o 

o 

o 

O' 

O 

'O 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O' 

o 

'O 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O' 

o 

O 

o 

in 

o 

in 

o 

in 

o 

in 

o 

Ns 

in 

o 

in 

o 

in 

o 

in 

o 

in 

o 

Ns 

in 

o 

in 

o 

in 

o 

in 

o 

in 

O 

Ns 

m 

o 

>0 

>0 

in 

in 

st 

't 

ro 

rd 

CM 

CM 

CM 

CM 

nO 

nO 

m 

in 

st 

st 

rd 

rd 

CM 

CM 

CM 

CM 

>0 

>0 

m 

in 

st 

st 

ro 

ro 

CM 

CM 

CM 

CM 

R.A.O.S-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


OvrO'rO'Orvjrooirvoova- 

h-ooor^'<rirkii^*— fMO'roro 
r«-m>d'eoN-h>-ro*«d-oh«-m^ 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 


o^o«-cO'<r»-r^«-'OinNor^ 

c>N.'OcO'Oomooorol^>^ 

o^^coo^r^cointMcOvro 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 


oO'OOruN.inmir»f^co>3’ 

ooocor^KJKiincoN-'«tin 

oO'OO'OOO^inf^cvjNtro 

0‘COOOCOOOOOCOOO>3-«4-rO 


inf^rO'Oooir»N-«4‘Osrh-fvj 
oroooroooo^o'foo'^o 
cviS-O'OofNjm^ooO'fO 
coox^com^O'Ot— Nd-mo 

«-ojrsirvJrO'<rmo«-0‘ro^ 


ioc0s0N-00>0'0fM'0Ointn 

T-«-rsJro>3-*<fint~fvJOO^ 


ooooooorj' 


-  LA  CO 
<  ro  iri 


>Of\Jir»oc^h^oJrooooo 

oinr^»rvr^-NOcvi<Ni^r^m'«3' 

cor«-oirvr>nO'j-oo^-oo«~m 

OsO^CKOO^OCO'Oli-krOCM^ 

Oooooooooooo 


o 

o 

oc 

o 


* 

* 

♦ 

* 


Or-x-w-.f\JOO00fVJ00>0'4' 

oooooo«-oroh-r^cM 

OOOOOO^-^-OO't-OO 

oooc^c>«o^o^of^Jool^^'0 


trk'^ofMoo«^«~rvif\joOvj- 

O'OmroinooN-coO'OCOco 

(Moo^a-oincocoO'CMroro^ 

oooc>‘Oor^'0-sd>ro*-cMro 

Oooooooooooo 


r^com^o*-'<rcoj0'^0‘^ 

CKr'-r«-f0ir»moor^'00'C0 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 


o 

o 

Ui 

o. 


o 

o 

o 

o 


NOvd-d-iriON.o-O'sdT-O'j' 

oo«-fvromN-OfvJinO'^ 


oooooooooooo 

irvomOir^omof^Ln'-o 

>0'Omm>4''<rrorof>jrvjrvjc\j 


VEL  R.A.O.S-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


N-O'OrorO'Oinh-inoooin 


OOChtnr^fMfMI^>d“Os;}-00 

oooo^r^OfMinovON-o 


ooc^minocMT—N-OfM 

ooO'0>r>-coT”N.c\jvOT- 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 


oooooo'ooorn'otnt— 

C>OC0C00000c0N.K>0'4-<\J 


Lr\K>0'0«—  Of^-sl-CKCO'Om 
C0'«— ■<rin'Ooot\i»— oino^ 
O'lrvCMCjsOvj-m^roooO'O 
(\jfO'4'in-ooooojruojtAf\j 


ooocKOoomc>LnN.o 

O^C>COOOCXDCOOOvOm(M  i 


»~>OOOf>JOr~CO«~>a'ON. 
or^N.^j-rO'Cromin'O'^ 
c>s-j-T-«— ^O'rvjrocNjT-T— 

rji^O'sj-moN.oc^Ooo 


oooooooooooo 


0'h*rom«~'0<ooro»-inO‘CM 

oChO-ooN-irkCUfnoinOfVj 


OOOOOOt-t-'i 


ON.romoroOsoorvjrvjr'- 

C^C^C^cO'Ouf^'N^'r“^o^^otn 


OOOOOOOOOr-  ' 


C^O‘C^00'O>^■O^^-^O00^^^O 


oc>ooovo^c>->j^>4'r^i^to 

N-N.|^r^|^N.N.I^N.>OoK- 


'Omo^»-ooo^K)>Ofvj^in 

'4-'^mN-Nt«-0'4-r^c>‘tno 

ocooroN-rofoN-r^i^inr^ 

r^O'OroroooK>omr^r~ro 

^rvifviro^mr-oof^vtroro 


c>c>'00-ooc>'^r-vO(Mrn 

N'h-r^N-f^h-h-N.h^N.mO 


'00''4'C0'4'0joO'r-inrof\j 

»-fO'-OfvJoc\JOpo>i-T~^ 

COT--N.T-^|s^f\Jf\J>d'^N;frsJ 

^cotvjo^oo^oinoco'^rm 


T-0.0 

f^f^N-N>r^N-N.N.N.r^>OLn 


OOOO'O'^inoOON.OKT 

«-r«.r^-<rh-rotnoc>'C>'in>tf- 

N.rOfM'Ooin 

cooroN.<\i»“rooooooo 


«~«-f\i(\jroinh«.eooOir\<\it 


o  r-  ^  OJ  f 


I  ^3-  in  m  si-  ro  tr- 


lAh^'>4’in'OrMOO>J'h^^»4’ 

ro>a-oinoooN3->ON3-r^>a'C\i 


0«‘rs,T->3■ln»-<^Jln^^^0M^C^ 

cocoocococoi^'0>4-^m0' 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 


ooo«-ojS.n.^oj^ 
o  o  o  o  o  o  ^ 


o^st^-csOfOT-infMin*- 

ooo^ravocsf\jN.«-'Om 


r^tnoaintr-infviinco^fNjco 
'^oooorvjin'or^oorvi 
sffvih-rvioomcorvjOT-CKm 
ooof\j>o0'0'«— ooooino 


o  o  o  o  o  o  o  I 


'00'iAcocO'Ororova-oo>o 

mr^'O^-coT-^srrvir^oov 

o-vj-tM^^rorofMcocoN-co 

inoorooomO'^-CMOinN. 


oooooooooooo 


•*-rurvJMf\jfMf\jrsjr-  ■r-ojKisj-inrs.fM^j-^ 


CM 

O 

o 

o 

ro 

•«3- 

CM 

CM 

00 

si- 

o 

CM 

00 

CO 

vO 

o 

rO 

o 

N- 

CO 

O 

o 

ro 

CO 

s> 

o 

O' 

o 

o 

sr 

sr 

CM 

O' 

r— 

CM 

vl- 

o 

00 

00 

O 

>3- 

O 

ro 

CM 

CO 

o 

00 

in 

-»3- 

CM 

o 

CM 

sr 

in 

O' 

o 

N- 

o 

CM 

O 

O 

o 

o 

rvi 

ol 

C> 

CM 

CM 

sf 

O 

o 

o 

o 

o 

CM 

in 

Ov 

CM 

sr 

CM 

o 

cd 

o 

d 

cr> 

O 

ro 

CO 

o 

o 

o 

o 

o 

O 

o 

CM 

in 

CM 

o 

O 

o 

o 

o 

O 

O 

o 

CM 

in 

sr 

O 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O 

* 

' 

' 

* 

' 

* 

* 

*“ 

Y 

«— 

’ 

' 

' 

* 

* 

* 

' 

V 

V 

r— 

' 

* 

' 

* 

‘ 

' 

' 

Y 

CM 

CO 

ro 

fO 

o 

CO 

ro 

o 

o 

o 

CM 

rO 

CM 

CM 

N. 

ro 

rC 

in 

>0 

>3- 

o 

o 

o 

o 

N- 

in 

nO 

N- 

fO 

o 

rs 

o 

CM 

sr 

in 

in 

lO 

CO 

CM 

N. 

00 

CM 

O 

o 

00 

in 

o 

ro 

N. 

NO 

n3- 

00 

sr 

in 

O' 

nO 

NO 

O 

o 

CM 

o 

00 

ro 

'>!■ 

>o 

O 

00 

CM 

lO 

N- 

O 

'J- 

ro 

o 

o 

00 

'O 

o 

ro 

o 

00 

NO 

in 

CM 

n3- 

O' 

in 

ro 

o 

O 

o 

o 

o 

o 

o 

00 

in 

m 

sr 

ro 

CM 

O 

O 

o 

o 

K- 

in 

to 

CM 

CM 

O' 

o 

o 

CM 

ro 

ro 

o 

N- 

ro 

•  t-  o  o  o  o  o  o 


J^coinfMsfror^ooi^tvjsMn 

cjo>or\j>j-rooj>oco»^0''0 


G  O  T-  ^  r-  r-  * 


•  o  o  o  o  o 


Oi-r-r-^-inT-r^tMOOino 

oooooor^«-oooosf- 


>3--^j-oineoh^'Of>jT— inoOKi 
Os>0»-*“N.'OrO«—  ^OO'*— 


oooooooooooo 

oooooooooooo 

oooooooooooo 

oooooooooooo 


oc\jo0'0h^si’0>‘0mmf\j 
^coroco'or^o'o'oorofo 
ooo««“CMfo«-“fnsrsj-^oO‘ 
'4-srminmtn>4'(\j<«-‘0«—  o 


00«-0>d-fVlNOKl’'Osl'00'0 
sf'j-ooo'O^Kicor^O'O 
inoofNJvoO'e— h-\oromc>'^ 
COCOOOO'OON-inOOO 


o  O  O  O  O  < 


»  O  O  O  O  O  o 


OOOOOOOOOOOO  oooooooooooo 


>0o|'^0r^0v'0'0K>0fMC\J 

OooromfMtnooro>OLn 


-oois-orofocoinoosoo 

oo»-f^JtnT-^0'Oc^JOoco 


'OO'O'Oinr^sj-^i-'Ors.va-^ 
Or— ^fv-s3'00m0''0msfm 


o  o  o  o  o  ’ 


oroooNOl 

mcooc\joroooinS.oooo 
c^c^oooc^^Or-^^n^o^o 


OOOOOr-miAotNJOfO 

o  >J-  >0  ST  r— 


C>'O'0mfVJsl-C>*C>‘C0>00'fVI 

oh^^j-OoinmfosrN.'Oo 

St'00>c\rt00''^^r--000*^ 

COOOCOOOCOt^tOor-rvjCO 


OOOOOOOJN-C>n3-- 


o(^J^^^o^«osr'0^o^-oJ 
ocoooO'OrosooojooO' 
Or— 0''0*^>orooj 
Na-tnintninrOtn^ror-oo 


OOoor-OOOOOOO 


oooooooooooo 


OOOOOOOOOOOO 


N-N.<Mr^>Or— in'^rcOfOfNJfvi 
'0->S--s3-mC>«f^OO>J‘r-Osr 
OOr-’<\jfomls-0(\JinOr“ 


fs-h-fviN-'Or— msroororvjcNj 
•OsrsrunOfs.OOsj'r-O'sl- 
oor— rvjfoinr^OfMLnor- 


tv.r^ojr^’Or-insreorocMrg 

‘0>J’sfmON-OO'^r—  On3- 
OOr— ruroLTiN-orjinOr- 


•  *-«-r-*-ojrvjrvjojro 


O  r-  r-  r-  . 


■  OJ  OJ  CM  fM  m 


•r—  *-fMCMrMC\irO 


oooooooooooo 
inomoinomOh«-Lnr—  o 


'OOinmsr^i-rorocMfMrMCM  o>omin>4-sfroro<MCMCMCM  OOininsrsTrororocMCMCM 


.7553  -18.16 


(SECS)(RAO/S)(DEGREES)  AMP  PHASE  AMP  PHASE  AMP  PHASE  AMP  PHASE  AMP  PHASE  AMP  PHASE 


'O 

ro 

K) 

M 

nO 

o 

in 

CO 

00  in 

O' 

>3- 

O 

>0 

nO 

h- 

'O 

in 

o 

O'  tn 

CO 

CD 

ru 

•<J-  CO 

o 

'O  >0 

CO 

rsj 

t 

00 

O' 

ro 

C\J 

^ — 

m  N. 

• 

'  ' 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

CD 

CD 

o 

o 

o 

CD 

o 

o  o 

o 

«-  CO 

<t  O' 

ro  O'  >0 

in 

3  ro 

o 

N. 

>0  r- 

>0  O' 

<r-  o 

>0 

CM  in 

O' 

—  ^ 

C^  CM 

T-  ^  CM 

in  o 

o 

o 

o  in 

-O  CM 

r-  ^ 

N. 

ro  ro 

T- 

<(— 

1  1 

>—  >— 

o 

o 

o  o 

O  O 

o  o  o 

O 

o  o 

o 

o 

o  o 

O  O 

o  o  o 

o 

o  o 

o 

o 

o  o 

O  O 

o  o  o 

o 

o  o 

o 

o 

o  o 

O  O 

o  o  o 

o 

o  o 

o 

CD 

O  CD 

O  O 

o  o  o 

o 

o  o 

o 

•vt 

CO  to 

in  in  in 

N. 

CO  3 

o 

o 

o  ^ 

CM  O 

>0  in  00 

3  in 

CD 

o 

o  o 

O  O 

o  in  N- 

CM 

3  ro 

1  1 

* 

in 

m  ro 

CO 

>0 

CM  in 

O  CM 

'3-  >0  >0 

in 

o  o 

O' 

«-  CO 

00  >0 

'3-  N-  O' 

00 

*-  3 

in 

in  O' 

CO  in 

00  in  in 

3 

in  'O 

in 

CO  c^ 

>0  0  0' 

'O 

00  o 

CVJ 

CM  ro 

^  >0 

O  O'  '3' 

to 

O  nO 

^  CM 

CM 

m 

CO 

>o  h- 

00  >0 

>3  CO  n3- 

o 

in  in 

CM  ro 

•s3-  sr 

>3  00 

o 

O  T- 

o 

o 

o  o 

o  o 

O'  N.  00 

N- 

in  oo 

1 

O' 

O'  O' 

o  o 

CO  00  oo 

o 

1 

C\J  -<t 

1  t 

O' 

CM 

ro  ro 

in  CM 

00  O  N- 

O'  r'- 

in  «— 

O'  "st 

«-  O'  ro 

CM 

ro  'O 

CM 

o  o 

O  CM 

«-  CM  00 

h- 

CM  CO 

O' 

O 

CM 

ro  >3* 

in  '3-  CM 

O' 

>o  3 

o 

CD 

CD  O 

o 

^  <r~ 

CM  O' 

O  CO  CM  oo 

>0  3 

o 

o 

O  O 

o  o 

«-  O  CM  N- 

N.  CM 

o 

o 

o  o 

o  o 

T-  o 

O 

^  CO 

^  ro 

3  in 

f 

*  1 

f\J 

O' 

m  o 

00  CM 

«-  CM  O 

K 

o  o 

in 

CM 

O'  in 

ro  O' 

>3  ro  o 

ro  o 

O' 

ro 

ro 

O'  ro 

ro  '3  >3 

CM 

O'  CO 

Ch 

o 

o 

«-  CM 

CM  o  ro 

>0  'O 

CD 

T—  ^ 

r-  »-  o 

O 

O  CD 

to 

00 

in  O' 

^  O' 

>0  oo  ^3 

3 

O'  'O 

o 

hw 

1^  >0 

>0 

O  O  CM 

>0 

c^  ^ 

ro 

r'-  o 

O' 

CM  f'-  >0 

in 

ro  r'- 

>3“  CM 

1  ^ 

>0  ^  CM 

«-  in 

1 

' 

1 

V  ' 

o 

o 

o  o 

o  o 

o  o  o 

o 

o  o 

o 

o 

o  o 

o  o 

o  o  o 

o 

o  o 

o 

o 

o  o 

o  o 

o  o  o 

o 

o  o 

o 

o 

o  o 

o  o 

o  o  o 

o 

o  o 

o 

o 

o  o 

o  o 

o  o  o 

o 

O  O 

o 

o 

o 

O' 

1^ 

f'- 

CM  h- 

'O  ^ 

in  -3  oo 

ro 

CM  CM 

'O 

•sj-  in 

O'  r^ 

O'  O' 

O  3 

O' 

o 

CM 

ro  in 

r-  o  CM 

in 

0>  T” 

OOOOOOOOO'O'OO 

moinoinOirjor^tn«“0 

'0'OLnirv^'4“romrvJf>jr\Jc\j 


ACC  R.A.O.S-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


LU  • 
CO  • 

ro 

in 

ro 

oo 

N- 

fs. 

in 

>0 

't 

O 

rg  IS. 

O 

o 

in 

ro 

00  00 

|s-  o 

>0 

CO 

o 

O 

in  in 

CO  O' 

R 

o 

CM  yd 

c  • 

CM 

o 

ro 

ro 

'O 

st 

rs. 

m 

O 

00  in 

O 

o  o 

o 

CM 

O'  fs. 

st  o 

o 

CM 

O 

o 

o 

O  O  CM 

00  CM 

St 

r- 

<«- 

Cl  ■ 

CO 

o 

in 

'd 

m 

CO 

00 

o 

ro 

CM 

r-  ro 

O 

o  o 

o 

O 

o 

ro 

^  >0 

to 

st 

o 

o 

O  O  CD 

st  O 

st 

CM 

d 

CO 

1 

N- 

rvj 

h- 

ro 

o 

CO 

vO 

1^ 

00 

O' 

r-  'O 

1 

1 

1 

1 

CM 

st 

ir- 

1 

•  CM 

ro 

'O 

O' 

o 

1 

1 

‘ 

' 

’ 

1  1 

' 

1 

Y 

I 

1 

1 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

in 

o  st 

in 

o 

O' 

O  O' 

in 

T— 

O' 

CM 

o 

ro  CM  00 
K.  -o  is- 

m 

st  m 

ro 

yO 

CO 

O' 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

00 

IS.  st 

o 

o 

CM 

O' 

o 

o 

in 

o 

>0 

st 

o 

00  00 

o 

ro 

st 

CM 

a.  < 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

CO 

>0  CO 

so 

ro 

ro 

00 

o  o 

ro 

00 

ro 

00 

sO 

fs.  st  O' 

m 

m  m 

CO 

m 

st 

IS. 

5  * 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

CM 

ro  st 

so 

O'  ro 

CO 

NO  O 

o 

'O 

00 

CM  ro 

st  sO  00 

CM 

yO  O' 

o 

m 

O' 

m 

1 

t 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CD  CD 

o 

o  o 

o 

o 

CM  CM 

ro 

o 

o 

o 

CD  CD  O 

-r-  ^ 

CM 

CM 

CM 

CM 

1 

UJ  • 
CO  I 

o  m  in 

O' 

CM 

rs. 

O' 

in 

O'  00 

O' 

fs.  ro  in 

O'  ro 

O  O 

on 

CM  r- 

o  |s-  to  st  -gD 

m  st 

CO 

ro 

st 

o 

<  • 

O' 

O'  00 

r'-  in 

N. 

'O 

O'  in 

O'  IS. 

O' 

O'  O' 

oo 

sO 

in 

in 

O'  st 

00 

ro 

in 

Qy  O' 

O'  00  >0 

st 

O  CM 

'O 

st  >0 

a.  1 

<> 

<> 

O'  o^ 

O' 

O' 

O 

m 

m 

IS. 

is!  >d 

CS 

O'  O' 

CK 

o^ 

(> 

o 

in  CO 

ro 

CM 

ro 

O 

o 

O'  O'  O' 

o! 

o  m 

cd 

od 

O' 

o 

1 

1 

00 

CO 

00 

00 

00 

00 

O 

O' 

O 

N- 

^  V 

00 

00  oo 

CO 

CO 

00 

c^ 

O'  O' 

O'  sO 

r— 

CO 

00 

00  00  00 

OO 

O'  O' 

o 

O' 

IS. 

>o 

1 

1 

O' 

O  <i 

St 

ro 

in 

st 

yQ  in 

CM 

in  00 

st  O 

st  in 

CM  O' 

st 

in 

O'  O' 

o  O' 

NO 

CO  o 

m 

ro 

00 

O' 

1 

h- 

rvj 

ro 

00 

O' 

ro 

fs. 

st 

>0  in 

CM 

O'  st 

in 

in 

rw 

st  O 

to 

in 

o 

CM 

NO 

IS.  ro  o 

o 

st  CM 

o 

o 

m 

O' 

D.  t 

00 

rv.  O' 

o 

in 

O' 

'O 

ro 

in  N. 

ro 

O'  O'  'O  so 

CM 

o 

st  00 

00 

in 

to 

o 

in  00 

o 

ih  ^ 

ro 

O' 

CM 

ro 

£  t 

o 

O' 

r- 

00 

o 

O 

T-  >t 

st 

00  in 

sO  ro 

'O 

CO  o 

'O 

O 

00 

in  t-  1- 

OO 

00  CM 

ro  st 

is. 

1 

rg 

C\J 

>0 

o^ 

ro 

00 

fs. 

rg 

O'  fs. 

«—  CM 

ro 

in 

00  CM 

is!  00 

st  fs-  st 

o 

^  CM  ro 

st 

fs.  CM 

ro 

CM 

od 

'O 

1 

1 

r- 

m  1 
CO  * 

in 

N. 

>0  in 

yQ 

CM 

o 

o 

>t 

ro 

^  >0 

o 

ro 

O' 

R 

p 

(M  00  st 

O' 

o 

o 

st  O 

'O  ro  O' 

m 

CO  fs. 

< _ j 

>o 

O' 

00 

O 

st 

'O 

st 

CM 

in  f'- 

o 

o  o 

r— 

CM 

>0  CM 

o 

st 

o 

o 

o  'T-  rg 

o 

O'  h- 

CM 

CO 

ro 

ro 

a.  • 

o 

n! 

00  in 

in 

CM 

in 

|sl 

ro 

ro  o 

CD 

O  CD 

CD 

CD 

CD 

fs.  fs. 

in 

st 

ro 

O 

o 

o  o  o 

o 

O  'O 

fs! 

o 

sn 

■o 

f 

N. 

is-  r'- 

'O 

in 

ro 

r^ 

ro  IS. 

O' 

O  O' 

O'  O 

O'  O' 

O'  ^ 

sO 

>0  ro 

O'  O' 

o  o  o 

O'  O'  00 

t-  m  >0 

O' 

' 

1  ^ 

* 

1  1 

• 

' 

' 

* 

1  Y 

Y 

' 

' 

*  *  ' 

* 

'  * 

' 

‘ 

‘ 

‘ 

1 

1 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o  o 

'O 

st 

st 

.t 

>0 

T— 

CO  O'  in 

st 

CM 

in 

CM 

IS-  rs.  ro 

o 

ro  ^ 

i 

o 

o 

o 

o 

o 

o 

o 

CD 

o 

o 

o  o 

'O 

00  ^ 

>0 

st 

>0 

00 

O'  in 

>0  ro 

CM 

ro 

in 

rs.  st  T— 

O' 

00  to 

'O 

st  O' 

CM 

a.  1 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o  o 

r.  sO  ro  o 

>0 

ro 

st 

|s- 

in 

ro 

in  00 

oo 

ro  c^ 

o 

■<3 

00 

CM 

z:  • 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o  o 

00 

O  st 

o 

O' 

fs- 

O'  |Ss  ro 

in 

O 

st 

O' 

sO  fs.  'O 

>0 

CM  ro 

00 

ro 

>0 

1 

CD 

CD 

CD 

CD 

CD 

o 

o 

O 

o 

o 

CD  CD 

CD 

^  •<- 

CM 

CM 

st 

in 

in  st 

rw 

O 

CM  ro  in 

cd 

st  m 

CM 

is! 

d 

m 

1 

1 

T-  CM 

ro 

CM 

UJ  • 
CO  1 

00 

O' 

N- 

'O 

00 

00 

CO 

st  .t 

00 

CM  CM 

st 

St 

st 

ro  CM 

st 

O 

I^ 

CM 

ro  o  *-* 

N.  'O  st 

o 

O  >0 

>0 

OO 

st 

<  • 

oo 

00 

rv- 

in 

O' 

O' 

in 

o 

ro  00 

00 

00  1^ 

in 

O' 

st  in 

00 

CM 

O 

00 

00 

O  CM 

O' 

CO 

t- 

ro 

O-  t 

Ch 

O' 

c^ 

O' 

00 

r'w 

o 

o 

h- 

CM 

'4‘  CM 

O' 

O'  O.  O'  O' 

ISs  st 

O  00 

fs.  st  CM 

O  O' 

O'  O'  o 

'd 

st 

>0 

N. 

N- 

N.  rs. 

IS. 

st 

T— 

00 

ro  ^ 

fs. 

IS-  IS. 

f^  IS. 

IS.  IS. 

'O  st 

in 

CM 

IS.  IS. 

IS.  fs.  IS. 

t- 

h-  IS. 

N.  N-  in 

ro 

1 

T- 

T— 

T— 

T— 

* 

T— 

<r- 

T—  ^ 

IT- 

-r- 

<<“ 

1 

1 

c^ 

ro 

in 

in 

in 

O' 

CM 

o  o 

00 

st  C^ 

00 

O' 

CM  'O 

CM  O'  CO 

st 

in 

st 

UO  00  O' 

m 

00  ro 

O' 

O' 

T— 

■ 

o 

O' 

in 

o 

in 

in 

in 

O 

ro  O' 

>0 

-t  O' 

ro 

st 

'O 

>0  00 

00 

'O 

O' 

O  Na- 

oo  fs.  o 

st 

m  CM 

(M 

o 

O' 

SD 

Ou  I 

N. 

o 

'O  '4“ 

og 

00 

ro 

in  CM 

00 

CM  00 

CO  O' 

IS. 

st  ro 

r-  in  ro 

o 

in 

ro  sO  m 

00 

'O 

m 

oo 

O 

s:  1 

4  1 

00 

o 

ro 

in 

>0 

in 

*7 

CM 

O'  h.. 

00 

o  ^ 

ro 

in 

|s-  CO 

in  ro 

O'  IS- 

'O 

O' 

o 

CM  st  IS. 

o 

st  m 

ro 

00 

00 

st 

1 

1 

1 

C) 

T- 

T- 

T- 

CD  O 

CD 

T— '  ^ 

o 

o 

CD 

o 

^  ^  ^ 

CM 

CM  CM 

CM 

d 

d 

1 

UJ  < 
CO  i 

rg 

in 

00 

St 

ro 

fs. 

00 

ro 

CM 

st  in 

o 

O'  O'  O'  o 

st 

o 

ro  ro 

ro 

st 

CM 

o 

o 

O'  O'  o 

m 

O'  ro 

CO 

00 

m 

o 

<  • 

rg 

o 

ro 

st 

ro 

eg 

>0 

IS. 

O'  ro 

o 

O  O' 

O' 

o 

O 

o  o 

CM 

CM 

o 

O' 

O'  O'  O' 

O' 

CM  00 

O' 

o 

>3* 

a.  1 

in 

O'  ^ 

00  rs. 

'd 

CM 

00 

in 

00  >0 

o 

O'  O'  O'  o 

o 

o 

ro  ro 

ro 

vd 

cd 

o 

o! 

O'  O'  o 

o^ 

O'  CM 

CM 

00 

CM 

1 

rg 

in 

>0 

in 

rg 

O 

IS. 

|s- 

o 

00  CO 

00 

O' 

O'  O' 

O'  o 

o 

ro 

CM 

O' 

CO 

00  00  CO 

00 

00  00 

IS. 

ro 

SD 

m 

« 

t 

' 

* 

*7 

7“ 

»“ 

' 

' 

' 

•  ' 

' 

’ 

• 

’  ^ 

Y 

' 

' 

•  .  • 

1 

I 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o  o 

CO 

1^  st 

CM 

CO 

CM  CM 

O' 

in 

C^ 

m 

00 

in  st 

CM  ro  fs. 

O'  O'  IS. 

T— 

1 

o 

o 

o 

o 

CD 

o 

o 

o 

o 

o 

o  o 

fs. 

IS.  >t  00 

ro 

CO 

O 

o 

CM 

m 

in 

^  fs.  in 

'O 

st  00 

o 

ro 

O' 

CM 

Q.  1 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o  o 

'O 

CM  00 

'O 

st 

00 

ro 

o 

O  O' 

CM 

CM 

in  o  O' 

O' 

st  O' 

O' 

00 

<  ! 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o  o 

st 

in  in  >0  fs. 

00  1^ 

in  ro 

<r“ 

ro 

CM 

00 

O' 

o  CM  ro 

m 

h-  m 

CM 

o 

CM 

o 

o 

CD 

o 

o 

O 

o 

o 

o 

o 

o 

o  o 

CD 

o  o 

o 

o 

o 

o 

o  o 

CD 

CD 

d 

CD 

CD 

^  ^ 

'r- 

d 

d 

d 

UJ  1 
CO  1 

CS 

ro 

o 

ro 

't 

'f 

ro 

O' 

CM  oo 

st 

o  ro 

IS.  rg 

in 

'O 

o 

st 

o 

st  st  in 

to 

vO  >0 

st 

ro 

st 

O' 

<  • 

O' 

00 

00 

St 

N. 

st 

oo 

o 

ro 

vO  ^ 

O' 

O  00 

1^  st 

00 

ro 

ro  |Ss 

O 

CO 

O' 

O' 

00  fs.  in 

st  O 

ro 

>0  st 

st 

CL  ■ 

c> 

<> 

O'  C^ 

O' 

CO 

in 

'd 

pi 

o  in 

o^ 

<>  <> 

O'  O' 

00  >o 

st  00 

CM 

o  to 

Qy  O 

O' 

O'  IS.  CM 

o 

m 

1 

< 

00 

CO 

00  00 

oo 

CO 

00 

1 

in 

1 

NO 

CM  CM 

CO 

1 

00  CO  00  00 

fill 

00  CO 

rs  st 

1  1 

in 

CM 

00 

00 

00  00  00 

CO 

CO  00 

1  1 

00 

OO 

o 

00 

1 

1 

o 

O'  ro 

St 

|S* 

ro 

CM 

O' 

|S- 

o  ro 

00 

O  O  fs.  CM 

in 

o 

st  o 

'O 

in  00 

in  >0 

st  ro  CM 

O 

O  CM 

CM 

00 

o 

O' 

N. 

o 

-r— 

O' 

o 

R 

>0 

O 

00 

O' 

O'  O' 

ro 

00  CM  >0 

o 

>0  O' 

O  00 

'O 

CM  fs. 

CM 

CM 

CO  st  CM 

st 

O  st 

O 

CM 

CM 

CL  1 

CNJ 

ro 

in 

00 

eg 

in 

m 

st 

ro 

CM  ^ 

O  CM 

in 

o 

o 

ro 

CM  in 

O' 

ro 

in 

00 

st 

T-  m 

>0 

h-  \0 

is. 

o 

O' 

O' 

Z  • 

1 

O; 

o 

CM 

St 

st 

CM 

ro 

ro 

O' 

CM 

00 

O  O 

ro 

st 

ro 

r^  CM 

st 

00 

IS. 

st 

in 

'O  IS.  CO 

O' 

O  O' 

f^ 

st 

o 

o 

o 

CD 

o 

o 

T-  *~ 

o 

O 

t~ 

o  o 

O 

o 

CD 

o 

o 

o  o  d 

o 

r-  o 

d 

O 

d 

d 

1 

<1^  ■ 

CO  » 

o 

o 

o 

UJ  I 
UJ  • 

o 

o 

o 

oc  • 

CD 

CD 

o 

C3  « 
UJ  > 
O  • 

ro 

>0 

CO  * 

r*- 

CM 

r'- 

>0 

in 

-st 

00 

ro 

CM  CM 

IS. 

r^  CM 

IS. 

-o 

in 

st  00 

to 

CM 

CM 

|S- 

IS. 

CM  is.  >0 

m  st 

00 

CM 

CM 

''v  1 

o 

•sj- 

*'3- 

in 

O' 

fs. 

O 

O' 

>t 

O  st 

>0 

st  st 

in 

O' 

IS. 

O' 

O'  st 

o 

st 

'O 

st 

st  in  O' 

fs- 

O'  o 

st 

o 

st 

Q  • 

o 

O 

CM 

ro 

in 

N. 

o 

CM 

in 

O'  «- 

c^ 

O 

CM 

ro 

in 

|s- 

O  CM 

in 

O' 

O' 

o 

IT-  og  ro 

m 

fs.  o 

CM 

m 

o 

tx:  1 

o 

<«- 

CM 

CM 

rg 

CM  ro 

CD 

CM  CM 

CM 

CM 

ro 

o 

^  ^  ^ 

•r^ 

T-  CM 

CM 

CM 

rg 

ro 

X  ! 

o 

o 

O 

o 

o 

O 

O 

O 

o 

o 

>0  O 

o 

o  o 

O 

o 

o 

o 

O  O'  O 

'O 

o 

o 

o 

o  o  o 

O 

o  o 

O 

o 

>0 

o 

CO  « 

in 

o 

in 

o 

in 

o 

in 

o 

IS. 

in 

o 

in 

o  in 

o 

in 

o 

in 

O  IS. 

in 

o 

in 

o 

mom 

o 

m  o 

r'. 

m 

o 

UJ  < 
CO  1 

vd 

'd 

in 

in 

st 

st 

ro 

ro 

CM 

rvj 

CM  CM 

^d 

sO  in 

in 

st 

st 

ro 

ro  CM 

CM 

CM 

CM 

yO 

'O 

m  m  st 

st 

ro  ro 

CM 

pg 

CM 

rg 

ACC  R.A.O.S-VARIATION  WITH  WAVE  PERIOD/FREQUENCY 


♦ 

♦ 

-It 

* 


o 

=j 

0£. 


O 

o 

cc 

o 


-It 

•It 

•It 

•It 


ro 

ro 

>0^0 

in 

00 

CO 

in 

o 

in 

o 

<i 

ro 

N-  >0  ^ 

'4' 

o 

o 

in 

ro 

o 

oj 

in 

Nj-  CO 

N. 

o 

o 

sO 

( 

nj 

m 

O 

ro 

N. 

o 

NO 

' 

' 

o 

o 

o 

o 

o 

o  o  o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o  o 

o 

o 

o 

o 

T~ 

o 

Os 

00 

sO 

O 

ro 

Os 

■<r 

in 

ro 

o 

ro 

ro 

ro 

Os 

Os 

sO 

IM 

in 

• 

• 

• 

• 

o 

CO 

CO 

o 

r\] 

N- 

in 

o 

NO 

vO 

sO 

o 

ro 

sO 

ro 

m 

CO 

St 

T— 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CD 

o 

o 

o 

o 

CD 

o 

o 

o 

St 

00 

ro 

in 

in 

in  ro 

CM 

sO 

o 

o 

O 

CM 

sO 

so 

st 

«“  CM 

in 

>t 

o 

d 

CD 

o 

O 

o 

o 

st 

CM  rs. 

in 

sO 

O' 

t 

O 

o 

C^ 

O' 

o 

1 

00 

fs-  ro 

ro 

in 

«— 

O  O 

O  CO  sO  CM  ro  CM  CO 

sO 

St  ro 

CVJ 

^  -o 

O  >4- 

O'  in 

o 

o  rs*  ^ 

f\J 

CM 

CM  CO 

o  ro  O'  in 

Is-  C\J 

in  00  O' 

O' 

st 

in 

o 

m 

ro 

sO 

o 

Os 

o 

sO  Os 

00  Os 

ro 

in  in 

CM 

CM 

st 

ro 

CM 

St 

00 

st 

O 

in  in 

00 

CO 

sO 

in 

in 

st 

CO 

o 

O  00 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

rs. 

00 

c 

st 

r^ 

|s- 

|S* 

N- 

fs- 

fs^ 

|s- 

st  CM 

1 

V 

1 

▼—  ^ 

ro 

sf 

r^ 

so 

st 

CM 

O' 

|s^ 

sO 

CO  V 

sO 

o 

CM 

O' 

00 

fs- 

CM 

in 

•vt 

O  O' 

sO 

sO 

o 

CM 

ro 

O' 

00 

st 

CM 

o 

o 

CM 

in 

00 

CM 

Os 

00 

st 

CO  in 

d 

CM 

CM 

CM 

CM 

CM 

O  O' 

Os 

Os 

CO 

«— 

o 

CM 

CO 

CM 

st  sO 

o  o 

O' 

Os 

Os 

Os 

O' 

Os 

CM 

CM 

O  O' 

O' 

Os 

O' 

Os 

00 

00 

O' 

Os 

00 

O'  00 

00 

00 

00 

CO 

00 

1^ 

in 

O' 

CM 

1  1 

' 

* 

' 

' 

’ 

• 

o  rs- 

CM 

CM 

Os 

in 

st 

o 

in 

sO 

ro  fO 

CM  ^ 

ro 

sO 

sO 

'O 

in 

m 

m 

CM 

in 

sO  00 

ro 

CM 

sO 

st 

00 

sO 

CM 

in 

O'  o 

CM 

st 

sO 

O' 

CM 

sO 

CO 

o 

d  ^ 

CM 

CM 

d 

CM 

CM 

ro  CM 

in 

O' 

Os 

sO 

CM 

st 

sO 

«— 

sO 

O  CM 

CM 

>0 

st 

so 

o 

O' 

CM 

ro 

o 

ro  CO 

CM 

o 

O' 

1^ 

CM 

CM 

sO 

st 

sO  N- 

O  IS- 

st 

O' 

o 

in 

N. 

fs^  sO 

» 

' 

f 

1 

1 

' 

* 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

d  d 

d 

o 

d 

d 

d 

d 

o 

d 

o  o 

o 

o 

d 

O' 

rs. 

CM 

|s- 

so 

in 

st 

00  ro 

CM  CM 

sO  st 

st 

in 

O' 

O' 

Os 

st  •»“ 

O  st 

O'  o 

CM 

ro 

in 

O 

CM  in 

O'  ^ 

d  ^ 

CM 

CM  CM 

CM  ro 

o  o  o 

o 

o 

O 

o 

O 

O  O  sO  o 

in  o 

in 

o 

in 

O 

in  o 

Is.  in 

SI—  o 

so  sO  in  in 

st 

st  ro  ro 

CM  CM 

CM  CM 

APPENDIX  C 


Brainstorming  Concepts 


CONCEPT  1 


CONCEPT 


DECK  LONOl - 9"  X  4’  X  5/16*  FLO.  PLT.  H36  STEEL 

DECK  TKANSV. - 18’  X  4’  X  5/16’  ac.  PLT  H36  STEEL 

DECK  PLATING - 1/4’  PLT.  H36  STEEL 


(WITH  CORRUGATED  SHELL  &  LONG’L  BHD.) 


DECK  STRUCTURE 


Kvaerner  Masa  Marine  Inc. 

□  Vancouver,  B.C.  □  Annapolis,  MD. 


Calculation  Sheet 


Project  No.: 

Prepared  By: 

Date: 

Title: 

Checked  By: 

Date: 

Subject: 

1 

Sheet 

of 

^  /-c 

'  c/c^/oy r'cF' 

f/"  /V  ^ 


Kl/VERNER 


Title: 


Subject: 


Checked  By: 


Date; 


Sheet 


"f-C-  ^ y' f 


■f'rf  ( /I  c 


IC//ERNER 


Kvaerner  Masa  Marine  Inc. 

n  Vancouver,  B.C.  □  Annapolis,  MD. 

Project  No.: 


Calculation  Sheet 


Subject: 


Prepared  By: 


Checked  By: 


Sheet 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver,  B.C. 
Project  No.; 


Subject; 


□  Annapolis,  MD. 


-fcff 

g^yv^lPh'lhlOUS  //(fhif'S 


Prepared  By; 
Checked  By: 


Calculation  Sheet 


Sheet  of 


Tr9/^u  '  ~0'^c^/hO/r^6 

r/jruf/'cy  £rf£r-/ j 


K/iERNER 


Title: 


Subject: 


Checked  By: 


Date: 


Sheet  of 


\-  fip  /pu/  /^  re, 

( >C  2.0O  7y^ 


5+JlP 


7^  Shy  ■ 

^*-1^  i/Sr  s/-^/^Jz 
yp/aA/^'^r,^  /z>^ 

^  ssr-H,^ /'■:>/ 'h^ 

A~z^f?  r/" T 


/h^B  <^»t/'s  f-^to 
f'r>' 


/  NTBMBrsjJcX^.-  A:SSJ£:mB.hX  Pi^rh=,p/zm 


K/iCRNER 


APPENDIX  D 


Structural  Calculations 


Kvaerner  Masa  Marine  inc. 

□  Vancouver,  B.Cr  □  Annapolis,  MD.  Calculation  Sheet 


Project  No.: 

Prepared  By:  p.  t^Q 

?5 

Title:  4a1  ^///5/oJS 

CaF.G(o  5  £  ace  ad 

Checked  By:  O 

Date: 

Subject:  /\ 

Sheet  of 

A£>s>  S/EBL.  ^E5SELS  f=-o^  S^fZYiCa  OM 

inT^a^  C  o/\%Ta,L~  \\j  Ajkr^  i^AY-S 

4--3  S//&LL  , 

•p  -3'-/-  £>o~f  To/^  A-rJ  Q  ^  f  Q  £1, 

g-oTT^i^  FLAjirsic^  t  -  O'  E>  00  S2^s  L  -h  o.oo  7z  ~  o-o/^  m. 

^  0~  2 AS  S  -  iO. 

_ _ _  L  =  12  o  FT. 

I  U2E  /a'  PLFjt.  ! 

Side  SPeLL  tf  -  RoLf  e>HblL  ~  o-o2  Id. 

^  0-2?  3  in  ■ 

i  UEB  '^4^'  FLp>1e: 


KViSRNER 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver,  B.C. 
Project  No.: 


Subject: 


□  Annapolis,  MD. 


/3  5uLK^eaDS 


Prepared  By: 

Checked  By;  fv]  .  O 


Calculation  Sheet 


Date: 


/ 3- /  VJ ! iGhT  S>uL'< He-aO^ 

T^e>L£  H-  2- 

/j.  ^  e  ^r- 

-  '2.  P 

-i  =  o  ^  /  8 

, - - - -  h  =  B  ^7- 

us>a  PLalE 


'b ■  PhDs  hFp  ^  /t^F-T'isV  ■ _ wl-'T'  P>H-D  . 


A/  -  c>  ■  h  s 

=  3-  ^8 


V  //  '  /  / 

a/  "  <3:> 


r^or^ 


h  -  4-  FT. 

S  ^  2  F  T 

/  -  ^  A7, 

Za^IE  /7-  3 


Z>HD  Eut-t-'fZ 

N  "  O  ■  PF>/)5 
=  3.52 


E  3"x2"x'/^"' 


As/  —  (^:::> 


h  ^  ^  FJ. 

S  ^  7  FT 

/a&LE  Ip.  3 


KVAERNER 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver,  B.C. 
Project  No.: 


□  Annapolis,  MD. 


Calculation  Sheet 


Prepared  By: 


Checked  By:  M  t? 


Subject: 


^  t^-J  ^  L  O  S> 

IS-  ^  Sc^fsiLf'^^S 


c  /7S  l^ic,>  A-S 

S  c ^ Q  A/^c>a^  T/^'&le.  /  "7" 


/.  2- 


.g  o  /  /o  /M  ■  A  -  hoo  hs 

- _  .  _  G>  A 

/OK  3  X  ^4c=>  FL(S  Plf  -S  A4 

-  / 7*  iK)^ 


h  =  B  hi 
5  =  S  f^T 

06^1  N  /  ‘ 


10-03 


SolO'^  Loins' L 


OSh  O  X  3  X  / 


-  I-  0  3  h  £ 

-  /7-  2  3 


h  -  S  FT 

S  =  2  Fj 


S/DE  ~TfZ  F>K  ■ 


KiSE  Q  K  5'^2  h  77^  /. 


//  •-  /-  Don  s 


^  / 
S  7 


S>/-Of  Z-owC?  Z_ 


//  /' 


5  /=■  XT-  /  3  X  /x^  X 


/V  =  /.  (93/)  S 

--  /2^93 


f3  A,  K  3  rF  A  AX  !  3  Gj  _ 

I  I  O  AXl  L  O  (3d' 

USE  3  K  3  A  3/c=>  L 


FIB- 


>^// 

/.  2  5  C  S 
30-^3 


2  ^  / 


KVyERNER 


CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969- 


Bottom  Transverse  Date: 

FP  10x3x5/16  Prepared  by: 


US  Plate  thickness  0.25  in 

Plate  width  32  in 

Depth  of  Section  10  in 

Web  thickness  0.3125  in 

Flange  width  3  in 

Flange  thickness  0.3125  in 


Section 

Piece 

y 

(in) 

Area 

(in"2) 

Area*y 

{in^3) 

Area*y^2 

(in"4) 

lo 

(in"4) 

Plate 

0.13 

8.00 

1.00 

0.13 

0.04 

Web 

5.09 

3.03 

15.42 

79 

23.68 

Flange 

10.09 

0.94 

9.46 

96 

0.01 

Totals 

11.96 

25.88 

174 

23.73 

Centroid 

2.16 

Ixx  at  centroid 

142 

SM  pi 

65.60 

SM  fig 

17.55 

Shear  Area 

3.20 

lyy 

in 

Approximate 

Weight 

in^4 

in^3 

Plate 

28.21 

in^3 

Web 

10.68 

in^2 

Flange 

3.31 

W  +  FLG 

13.98 

rx  = 
ry  = 


3.44  in 


Kvaerner  Masa  Marine  Inc. 

^  Vancouver,  B.C.  □  Annapolis,  MD. 


Calculation  Sheet 


Project  No.:  AC^ 

Title:  J)EC^  FL^J/rJCn 


Prepared  By:  K  ■  G  ! ! £ePJ 


Checked  By;  /[/} ,  O 


Date: 


Subject:  HE/\\yY  C/f/g6o  T^uck- 


Sheet 


of 


A&Z  STEEL  ^uLes  !-inj_ 

C=> 


2^ 


'  / 


7 


CPrfZeo  IRucK  LoAO 
Oo/M O  T/Re:  P/zir^j  —  /o  y.  2^ 


hJHc=s-L  tLo  A  D. 

P/\h&L  Loa  0 

-t  -  K  h\ri  C. 
=  0'2G4  1^- 


-  /6  C^  o  Jy^. 


(3=  to 


-  /Gaoof2 

-  6ooo  Ilb- 


b-iZ 

1 

/z" 

1 

S  =  /2 

b% 


V  ' 

n  / 


Pc7^  Slk£/<iG,7H  DEc^  ,  PLAhr^Ci 
/o  3b  Noj  L  E  S-2.  ZION'S.  ^  T 

i  =*  0-264  X  /-  / 

^  0-2^  m. 


P>-  {  -  P  b/E  Hic.L^  ~c>7]0//\)G 


k  -  P  O 
O.  -  /-  0 
I  =  m. 

S  --  n  ,0. 
d  =  /  o 
b  =  12 

C  =  f-2> 

K/  -  3 -SI I  /  . 

bis  =  / 

o/E  --  0-8SS 
K-  c>.  7^4 

8  FiCj-  6>-  /  ■ 

A3S^ 


bjEC.2.  PLaJ/^  of 

a/ie,T^^'  e-c 

H  l(q  fAEr^  S>  i  H 

^  htc  =  ~t 

^/^ly 

'Lms 

ii 

0 

//>  ■ 

AA 

3-^0^0 

=  O-  23  o  m. 

r 

-  O  /  o  0  o 

PS! 

USE.  y^4  p(_y:\J^  A-/ 3 


KViCRNER 


d  to  avoid  the 
t  be  subject  to 
k  plating,  etc. 
not  less  than 
dian  obtained 


.) 

IS  required  by 
.17  in.)  for  ex- 


bove  equation 
.92/V^hilieu 

aere  the  Rules 
,  the  thickness 
ed,  taking  into 
i  the  foregoing 


h  material  and 
e'  -s  having 
U.  .  obtained 


n.) 

d  from  6.17  in 


.1  is  not  destruc- 
n  the  steel  by  a 
<en  by  the  Sur- 
which  case  the 
manufacturer’s 
d  with  alkaline 
deck  are  to  be 
wise  approved. 


Kvaerner  Masa  Marine  Inc. 

Q^Vancouver,  B.C.  □  Annapolis,  MD. 

Project  No.:  ”7^7  Prepared  By: 

Title:  ^  Lc»si^  'i _ Checked  By; 


Subject;  (^A-zeGo  H /^rrJO  U  ^  Q  TRoc.i<^  ( /^  (L  !  H 


ZT/FF'R  3P/tCr^j6  ^  >2 " 

^TiFfA  SFa^  -  2g" 

lAiHBEL  Load  -  '^Sooo^b- 

LoaD  0/-J  O^E  ShFrE.  —  /FjDOQ 

a 

~  2  ooo  JJ) 

£}iSj-  LoMj,  cJ  =  2Sooo  Abl/n- 

'  n 

-  /47/  Ah/rn- 


AtD 


Calculation  Sheet 

Date:^S  ^epj 
Date: 


Sheet  /  of  2. 


I 

I2  1  /2 


loAO  SFa^EtD  5Y 

3  -  jO/fc.  L 


17"  37-5" 


3/Ar  SE-At^ 


A/iAY-  ^  aF  =  5  A- G'^[  ^ipZ  ifZ.  (^FRom  SfRBi 


FaC  Fr oCnt^A 


ALLo<aa3Lf  ^€n  0 /M  F  2Ji^s-SrS  ,  H  ^  (=>  3T&-E L  OSE/^y/stFi 
Y/eCO  = 

=  '^/  3  X  5/  C?n  O 

=  2)  4  FT 'A3  ///7^ 


Feq  D  a>M 


-  2  /  S4 


=  /G^oa  <0' 


5 


y:  4-  Y  Ac^  H3G  Fl6.  PLl, 


/  7rl 


'!  /  /  >! 

/2  A  /p-  H3G  pi  7. 


Sfa  -  ^  2  2  //?  - 

yA'/^o  Ac:  ^Aci^cFuiyn^  '  Z-^  ''  s/s>*t  cFa p 


K/yERNER 


Calculation  Sheet 


Prepared  By; 


Date; 


Checked  By; 


Date; 


I 

I 


Kvaerner  Masa  Marine  Inc. 

D  Vancouver,  B.C.  D  Annapolis,  MD. 


Project  No.;  ^  ^  ^ 


Title;  Lor^Q'L 


CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Deck  Beam  -  12"  spacing 
FP  9x4x5/16 


Date: 

Prepared  by: 


US 


Plate  thickness 
Plate  width 
Depth  of  Section 
Web  thickness 
Flange  width 
Flange  thickness 


0.25  in 
1  2  in 
9  in 
0.3125  in 
4  in 
0.3125  in 


Section 

Piece 

y 

(in) 

Area 

{in"2) 

Area*y 

{in^3) 

Area*y"2 

(in"4) 

lo 

(in"4) 

Plate 

0.13 

3.00 

0.38 

0.05 

0.02 

Web 

4.59 

2.71 

12.47 

57 

17.07 

Flange 

9.09 

1.25 

11.37 

103 

0.01 

Totals 

6.96 

24.21 

161 

17.10 

3.48  in 
94  in"4 
26.93  in^3 
16.22  in^3 
2.89  in^2 


Centroid 
Ixx  at  centroid 
SM  pi 

rx  =  3.67  in  SM  fig 

ry  =  Shear  Area 

lyy 


Approximate  Weight 


Plate 

10.58 

Web 

9.57 

Flange 

4.41 

W  +  FLG 

13.98 

Project  No.:  7  ^ _ Prepared  By:  K  ■ 

Title:  J)eCIC  T^AwSV- _ Checked  By: _ 

Subject:  HAr/QUrJ^  VZoc.k. _ 

7^/WSV-  3>P^r-\  ~  Co 

CoM^lriEl)  U>A-0  ^  73ooO  JM 


Kvaerner  Masa  Marine  Inc. 

0^ Vancouver.  B.C.  □  Annapolis,  MD. _ 


/  r^E-  I 


3Co  /7 

'~y  ^  o  a  o 

"3  (o 

2o83 


Calculation  Sheet 


Datei^gSc-p/ 

Date: 


Sheet  /  of  2. 


^////////aFu. 

3  '< 

6° 

X  3g" 

.  /i 

22 

.  _ 

M* 

. 7p: . _,j 

i 

S/r^^Le 


NAy(.  <3-A/}  ^  /4-42  ^//^3  /A  (SleESS.f^Ad 


ALLou^  ^  /i3  6  Si 

y/^cO 

-  -2/5x5/  ooo 

-  3  4-  K  iRs.  J/n  ^ 


3  Ta-^  ( 


/Xc>i7«  /\r^  *) 

0 S£  S  /7 c  /  ■^■ 


^^q'O  Sai  = 


/4^2  /  34 
4^3  /A^ 


(  H3G>) 

ie,\Aj' yc^/icj'  FLG  PLJ 


.,j8i  32"  Qk  Pl^Jo  -'z^-  a 


h3  P 


S  /i/]  ^  4^.3“^  //?■ 


H  i  * 

uss  /6*x4  ^  ^/fe  P'-T  ^  Z  T/rABS  OepTn  iV<-  Lo^cFL 


KZ/ERNER 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver.  B.C. 


□  Annapolis,  MD. 


Project  No.:  ^  PjC  Q _ 

Title:  Vl/Vf^V  - 


Subject:  C H /^nOLii^G  'T/2uc.l<-. 


Prepared  By:  K^-  f\i  G 
Checked  By: 


Calculation  Sheet 


Date:  25  SeP!  J 


CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Web  Frame  Transverses 
FP  18x4x5/16 


Date: 

Prepared  by: 


US 


Plate  thickness 
Plate  width 
Depth  of  Section 
Web  thickness 
Flange  width 
Flange  thickness 


0.25  in 
32  in 
1  8  in 
0.3125  in 
4  in 
0.3125  in 


Section 

Piece 

y 

(in) 

Area 

(in*2) 

Area*y 

(in^3) 

Area‘y^2 

(inM) 

lo 

(in"4) 

Plate 

0.13 

8.00 

1.00 

0.13 

0.04 

Web 

9.09 

5.53 

50.26 

457 

144.10 

Flange 

18.09 

1.25 

22.62 

409 

0.01 

Totals 

14.78 

73.88 

866 

144.15 

Centroid 

5.00  in 

Approximate 

Weight 

Ixx  at  centroid 

641  in^4 

SM  pi 

128.25  in^3 

Plate 

28.21 

SM  fig 

48.39  in"3 

Web 

19.49 

Shear  Area 

5.70  in"2 

Flange 

4.41 

lyy 

W  +  FLG 

23-90 

rx  = 
ry  = 


6.59  in 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver,  B.C.  □  Annapolis.  MD. 

Calculation  Sheet 

Project  No.; 

Prepared  By;  A^  C> 

Date; 

Title; 

Checked  By; 

Date; 

Subject; 

Sheet  of 

^ A&s  /?)  Pu/^ 

#  ABS  ^frt  /  Pu/</ 

ytAuy  C^ry0  Tirt/cfc.  (^  AyiAf/r^J  iA^dl^  Ady/iArtA/'Cy 

d<^^d y  i€ 

a  Airayuf<  7^4^ 5“ —  ^/Vv^/^ 

c^/c^/  aA/oy)  QTC/y  faad  no  d/AAt^fZ^J 

PfAic^ 

TV^ori/* 

J^  // 

A- 

FP  /Yx:  ^y  V/£, 

HiL- 

H3i, 

^7dc  c 

^^xAriV  % 

L'(i'yi^y^/c  P^l-c 

(/^€  0  ^  i/u^ 

s  /V-f 

c/e^hi  *>  ^ 

Bof'h^ry?  ^In-c/l 

0>«/^^  J'^Ainsv/^'C 

k" 

I^S-Xly  % 

(oX  "iy 

^y/U 

!  r>  L^'’ 

L  Zy  2->c 

KV/ERNER 


Kvaerner  Masa  Marine  Inc 

□  Vancouver.  B.C.  □  Annapolis,  MD 

Project  No.: 


Prepared  By;  /> 


Calculation  Sheet 


Date: 


Title:  AO  S  Lt^hh^' 

Checked  By; 

Date; 

Subject:  ^fRifCTUt^B-  — 

Sheet  /  of  ^ 

1 

Rcf(r>-^y7cc  •  Ho(j'htSy  "y 

^A/^By  p/y 


^TCH  l/\/hf-^^ 


14/h^i/  a/'/~ 

fia'-'P // r ^  Triyc^P 


TW/^t  lA/hc<l  Ue^aP 

'X'  11/ 


^■t'poh'o^  ffA  lA^i  cf (C 


i=  ?/" 

d^  1^'' 


y[-  ^  X/l 


/.  P/'P('y  5/-^^/^  t^h<-e/ 


KV/ERNER 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver,  B.C. 

□  Annapolis,  MD. 

Calculation  Sheet 

Project  No.: 

Prepared  By: 

Date: 

Title: 

Checked  By: 

Date: 

Subject: 

Sheet  2-  of  ^ 

KZ/ERNER 


Kvaerner  Masa  Marine  Inc. 

□  Vancouver.  B.C.  □  Annapolis,  MD. 

Calculation  Sheet 

Project  No.; 

Prepared  By; 

Date; 

Xitie;  Checked  By;  Date: 


Subject:  Sheet  ^  of 


Kvaerner  Masa  Marine  Inc. 

□  Vancouver,  B.C.  □  Annapolis,  MD.  Calculation  Sheet 

Project  No.:  Prepared  By:  Date: 


Title:  Checked  By:  Date: 


KVAERNER 


Kvaerner  Masa  Marine  Inc. 

□  Vancouver,  B.C.  □  Annapolis,  MD.  CsICUlstion  Sh6Gt 

Project  No.:  _ Prepared  By: _ Date: _ 


Title:  Checked  By:  Date: 


KV/ERNER 


Subject; 


Sheet  ^  of  ^ 


Rrc, 


6  £>(2. 

<£-f-  d  ^1  -h  /b~ 

r  --  >/ 


6-  -  f5 

^"'7"  „ 

-  /5 

k' 

^  V  ■'  /.  >■ 


/■<<'</- 


="  ('i?,5'j6»y/o’^ =  0.  7r 

rr  /  ^FX  / 

/V>.^  Ci/i^i/C  ^  r  'i-  I  M/p  ^,/ 


^  o,U^  K.  o-l^ 


^=3-9C. 


froi^  Ci/^i/t  f'a/  f-  [  v\;f>  -  ^'Z^c) 

Qy^  -  ^-g4  >  o.lf 


<  h^p  <  a, 


KV/ERNER 


Kvaerner  Masa  Marine  Inc. 


□  Vancouver,  B.C. 
Project  No.: 


Subject: 


Annapolis,  MD. 


Prepared  By: 
Checked  By: 


Calculation  Sheet 


Sheet  of 


—  Po^  /2"  c:^iiu:k  h-c^firv^ 

* 


^  ^  4^  4i^ 


/  ^  X  f  ^  ''  p* 


A  /I  /  S-f-/-  f^P*'  ^) 


♦  Rie-H  lyh-r-(/  k  cl 


1l  5-i>* 


(7  "  PA  A  4 


f  <  ^ 


*  f 


o  ^/7  ^ 


A  «  Oc, 


y,.  " 


RTca  ipin  -til  L'  *  * 


3  ^ 

/  ^ •<  A  '>^  A.X-<  '1  Oy^  J  'i 


K//ERNER 


Kvaerner  Masa  Marine  Inc. 


_  Vancouver,  B.C. 
Project  No.: 


Subject: 


□  Annapolis,  MD. 


Calculation  Sheet 


Prepared  By: 


Checked  By: 


Sheet  of 


v^lll  !( •$•*’«  (•*ai/ 

1/1^0/^  tA'if't-.  foyn^  rf'u^'/yia/^ 

(AjlnTcU  //  /t^  h-e /^€  If 


Wi^i<  /  zi)yvi  f  o>^j  a/x^ 

S  jA/7  ^ 


/■  5tr/  /y 


h  ^-f  ^  ^  U\>id-u  /  V  /I, 


/■/• 


A^!>fe>y^/^'t>^  ap  -2-f  ^  /x  ■ 


IC//ERNER 


Kvaerner  Masa  Marine  Inc. 

□  Vancouver,  B.C.  □  Annapolis,  MD. 


Project  No.: _ ^ _ 

Title;  /fi-  0 


Subject;  ^  T euc^TOClL£: 


Prepared  By;  O- 


Checked  By; 


Calculation  Sheet 


Sheet  /  of  S' 


5‘/3r< 

RTct^  L'fiac  i^y/fiU  RjcH  / -fi/d  > 


I  |i| '  I  I '  I ! 
iiiM  I  I! 


ty^lr-r^  '  / O  Jf  ^  > 


'0-^  I  I  /S’, 5" 


i7.s 


I3.5  le.s' 


=  (v].^){\\: 


Kl/  '  -O  7  —  7-  ■  1  ^  I. 


\  '1  '.  /f: 


iMiiTT^ 


jiT  '  I  I  i  r  } 
!  j  ■  •  :  ;  M 


^vi  -r  ^ 


K/iERNER 


Kvaerner  Masa  Marine  Inc. 

□  Vancouver,  B.C.  □  Annapolis,  MD.  _ C^culation  Sheet 

Project  No.:  Prepared  By:  Date: 

Title;  Checked  By:  Date; 


Subject:  Sheet  of  S’ 


KV/ERNER 


CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter  Development 
Project  No. 


969 


Deck  Longitudinals  24  in  spacing 
FP  15x4x1/4 


Date:  30“Oct-95 

Prepared  by:  Mark  Dabeli 


US 

FP 

Plate  thickness 

0.25 

in 

Plate  width 

24 

in 

Depth  of  Section 

15 

in 

Web  thickness 

0.25 

in 

Flange  width 

4 

in 

Flange  thickness 

0.25 

in 

Section 

y 

Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

(in"2) 

(in"3)  (in"4) 

(inM) 

Plate 

0.13 

6.00 

0.75  0.09 

0.03 

Web 

7.50 

3.63 

27.19  204 

63.51 

Flange 

15.13 

0.88 

13.23  200 

0.01 

Totals 

10.50 

41.17  404 

63.55 

Centroid 

3.92 

in 

Approximate 

Weight 

Ixx  at  centroid 

306 

ln"^4 

SM  pi 

78.11 

in^3 

Plate 

21.16 

rx  = 

5.40  in 

SM  fig 

27.04  in^3 

Web 

12.78 

ry  = 

Shear  Area 

3.81 

in"2 

Flange 

3.09 

lyy 

W  +  FLG 
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US 

FP 

Plate  thickness 

0.25  in 

Plate  width 

32  in 

Depth  of  Section 

24  in 

Web  thickness 

0.25  in 

Flange  width 

4  in 

Flange  thickness 

0.25  in 

Section 
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Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

(in"2) 

(in^3)  (inM) 

(in^4) 

Plate 

0.13 

8.00 

1.00  0.13 

0.04 

Web 

12.00 

5.88 

70.50  846 

270.37 

Flange 

24.13 

0.88 

21.11  509 

0.01 

Totals 
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92.61  1355 
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SM  fig 

58.11  in'-3 

Web 
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US 

FP 

Plate  thickness 

0.3125 

in 

Plate  width 

12 

in 

Depth  of  Section 

12 

in 

Web  thickness 

0.3125 

in 

Flange  width 

5 

in 

Flange  thickness 

0.3125 

in 

Section 

y 

Area 

Area*y  Area*y^2 

!o 

Piece 

(in) 

{in^2) 

(in^3)  (in^4) 

(in^4) 

Plate 

0.16 

3.75 

0.59  0.09 

0.03 

Web 

6.00 

3.55 

21.33  128 

38.33 

Flange 

12.16 

1.37 

16.62  202 

0.01 

Totals 

8.67 

38.53  330 
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Centroid 
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in 
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in^3 

Web 
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FP 

Plate  thickness 

0.3125  in 

Plate  width 

12  in 

Depth  of  Section 

24  in 

Web  thickness 

0.3125  in 

Flange  width 

5  in 

Flange  thickness 

0.3125  in 

Section 

Y 
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Area*y  Area*y^2 

lo 

Piece 

(in) 

(in"2) 

(in"3)  {in'^4) 

(in^4) 

Plate 

0.16 
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Web 
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Deck  Longitudinals  Date:  30-0ct-95 


16x31/2x5/16 

Prepared  by: 

Mark  Dabell 

US 

Plate  thickness 

0.25  in 

Plate  width 

12  in 

Depth  of  Shape 

6  in 

Area  of  Shape 

2.87  in"2 

Centroid  of  Shape 

3.99  in 

Inertia  of  Shape 

10.9  in^4 

Section 

y 

Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

(in"2) 

(in^3)  (inM) 

(inM) 

Plate 

0.13 

3.00 

0.38  0.05 

0.02 

Shape 

4.24 

2.87 

12.17  51.60 

10.90 

Totals 

5.87 

12.54  51.64 

10.92 

Centroid 

2.14  in 

Approximate  Weight 

Ixx  at  centroid 

35.75  in"4 

SM  pi 

16.73  in^3 

Plate 

10.58 

rx 

2.47 

SM  fig 

8.69  in"3 

Shape 

10.12 

ry 

2.49 

Shear  Area 

2.87  in'^2 

lyy 

36.39  in"4 
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Deck  Transverses 
FP  16  x5x3/8 


Date: 

Prepared  by: 


U5  FP  Plate  thickness  0.25  in 

Plate  width  32  in 

Depth  of  Section  16  in 

Web  thickness  0.375  in 

Flange  width  5  in 

Flange  thickness  0.375  in 


Section 

Piece 

y 

(in) 

Area 

(in"2) 

Area*y 

(in"3) 

Area*y^2 

(in"4) 

lo 

(in*4) 

Plate 

0.13 

8.00 

1.00 

0.13" 

0.04 

Web 

7.88 

5.72 

45.04 

355 

110.83 

Flange 

16.06 

1.59 

25.60 

411 

0.02 

Totals 

15.31 

71.63 

766 

110.89 

rx  = 
ry  = 


Centroid 
Ixx  at  centroid 
SM  pi 

5.95  in  SM  fig 

Shear  Area 
lyy 


4.68  in 
542  in"4 
115.80  in"3 
46.82  in^3 
6.09  in"2 


Approximate  Weight 


Plate 

28.21 

Web 

20.17 

Flange 

5.62 

W  +  FLG 

25.79 
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Transv  BHD  plate/stiff. 
L  3.2. 1/4 


Date: 

Prepared  by: 


Plate  thickness 

0.25  in 

Plate  width 

15  in 

Depth  of  Section 

3  in 

Web  thickness 

0.25  in 

Flange  width 

2  in 

Flange  thickness 

0.25  in 

Section 

Piece 

y 

(in) 

Area 

(in"2) 

Area*y 

(in^3) 

Area*y"2 

(inM) 

lo 

(in"4) 

Plate 

0.13 

3.75 

0.47 

0.06 

0.02 

Web 

1.63 

0.69 

1.12 

2 

0.43 

Flange 

3.13 

0.50 

1.56 

5 

0.00 

Totals 

4.94 

3.15 

7 

0.46 

Centroid 

0.64  in 

Approximate 

Weight 

Ixx  at  centroid 

5  in^4 

SM  pi 

8.16  in"3 

Plate 

13.22 

rx  = 

1.03  in 

SM  fig 

1.99  in^3 

Web 

2.42 

ry  = 

Shear  Area 

0.81  in^2 

Flange 

1.76 

lyy 

Wh-FLG 

4.19 
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CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Bottom  Longitudinals 
L  5x3x5/16 


Date: 

Prepared  by: 


US 

L 

Plate  thickness 

0.25 

in 

Plate  width 

24 

in 

Depth  of  Section 

5 

in 

Web  thickness 

0.3125 

in 

Flange  width 

3 

in 

Flange  thickness 

0.3125 

in 

Section 

y 

Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

(in^2) 

{in"3)  (in^4) 

(in"4) 

Plate 

0.13 

6.00 

0.75  0.09 

0.03 

Web 

2.59 

1.46 

3.80  10 

2.68 

Flange 

5.09 

0.94 

4.78  24 

0.01 

Totals 

8.40 

9.32  34 

2,72 

Centroid 

1.11  in 

Approximate 

Weight 

Ixx  at  centroid 

27  in^4 

SM  pi 

24.01  in^3 

Plate 

21.16 

SM  fig 

6.44 

Web 

5.17 

Shear  Area 

1.64  in"2 

Flange 

3.31 

lyy 

W  +  FLG 

8.47 

rx  = 
ry  = 


1.78  in 
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CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Bottom  Transverses 
FP  10x3x5/16 


Date: 

Prepared  by: 


US 

FP 

Plate  thickness 

0.25 

in 

Plate  width 

32 

in 

Depth  of  Section 

10 

in 

Web  thickness 

0.3125 

in 

Flange  width 

3 

in 

Flange  thickness 

0.3125 

in 

Section 

y 

Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

(in"2) 

(in^3)  (in^4) 

{in^4) 

Plate 

0.13 

8.00 

1.00  0.13 

0.04 

Web 

4.94 

2.93 

14.47  71 

21.46 

Flange 

10.09 

0.74 

7.49  76 

0.01 

Totals 

11.67 

22.96  147 

21.51 

Centroid 

1.97  in 

Approximate 

Weight 

Ixx  at  centroid 

1 24  in'-4 

SM  pi 

62.80  in^3 

Plate 

28.21 

SM  fig 

14.91  \n"3 

Web 

10.33 

Shear  Area 

3.20  in''2 

Flange 

2.62 

lyy 

W-f-FLG 

12.95 

rx  = 
ry  = 


3.25  in 
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K/yERNER 


CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Side  Longitudinals 
L  4x3x1  /4 


Date: 

Prepared  by: 


US 

L 

Plate  thickness 

0.25  in 

Plate  width 

24  in 

Depth  of  Section 

4  in 

Web  thickness 

0.25  in 

Flange  width 

3  in 

Flange  thickness 

0.25  in 

Section 

y 

Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

(in"2) 

(in^3)  (in^4) 

(in^4) 

Plate 

0.13 

6.00 

0.75  0.09 

0.03 

Web 

2.13 

0.94 

1.99  4 

1.10 

Flange 

4.13 

0.75 

3.09  1 3 

0.00 

Totals 

7.69 

5.84  17 

1.13 

Centroid 

0.76  in 

Approximate 

Weight 

Ixx  at  centroid 

14  in^4 

SM  pi 

18.17  in^3 

Plate 

21.16 

rx  = 

1.34  in 

SM  fig 

3.95  in^3 

Web 

3.31 

ry  = 

Shear  Area 

1.06  in^2 

Flange 

2.64 

lyy 

W  +  FLG 

5.95 

CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Side  Transverses 
L  8x4x7/16 


Date; 

Prepared  by: 


US  L 


Plate  thickness 
Plate  width 
Depth  of  Section 
Web  thickness 
Flange  width 
Flange  thickness 


0.25  in 
32  in 
8  in 
0.4375  in 
4  in 
0.4375  in 


Section 

Piece 

y 

(in) 

Area 

(in"2) 

Area*y 

(in^3) 

Area*y^2 

(in^4) 

lo 

{in^4) 

Plate 

0.13 

8.00 

1.00 

0.13 

0.04 

Web 

4.03 

3.31 

13.34 

54 

15.77 

Flange 

8.03 

1.75 

14.05 

113 

0.03 

Totals 

13.06 

28.39 

167 

15.84 

Centroid 

2.17  in 

Approximate 

Weight 

Ixx  at  centroid 

121  in"4 

SM  pi 

55.59  in^3 

Plate 

28.21 

SM  fig 

19.89  in^3 

Web 

11.67 

Shear  Area 

3.61  in^2 

Flange 

6.17 

lyy 

W  +  FLG 

17.84 

rx  = 
ry  = 


3.04  in 
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KMERNER 


Dynamic  Load  Factors  Calculation 


Reference;  DOD  Std  1 399  Section  301 A  "Ship  Motion  and  Attitude 


Vessel:  ACB  Lighter  120  foot  barge 


Length: 

120 

ft 

Beam: 

24 

ft 

Draft: 

3.875 

ft 

Displacement: 

290 

LT 

GM 

ft 

LCG 

60 

ft 

VCG 

9.9 

ft 

TCG 

0 

ft 

gravity,  g 

32.15 

ft/s"2 

Roll  Constant,  C 

Roll  Period,  Tp 

5 

sec 

Ptich  Period,  Tr 

3.5 

sec 

Estimate  from  DOD  Std 

Roll  Angle,  PHI 

6 

deg 

Estimate  from  DOD  Std 

Ptich  Angle,  THETA 

2 

deg 

Estimate  from  DOD  Std 

Heave  Acc.,  h 

4 

ft/s*2 

Estimate  from  DOD  Std 

Surge  Acc.,s 

1.929 

ft/s"'2 

Estimate  from  DOD  Std 

Height 

8 

ft 

vert,  lever  z  -1.9 

Offset 

12 

ft 

horiz.  level  y  12 

Load  Factors  (g) 

ax  =  {(g)(sin  THETA)  +  s  +  (4Pr2/Tp'^2)[(THETA)^2(x)  +  (THETA)(z)]}/g 

ay  =  {(g)(sin  PHI)  +  1/2  -  (4PI''2/Tp^2)(THETA)(x)  +  (4Pr2/Tr'^2)[(THETA)''2  (y)+(THETA)(z)]}/g 

az  =  {g  +  h  +  (4Pr2)[(THETA)(x)/Tp"2  +  (PHI)(y)/Tr^21}/g 


position 

0 

0 

X 

60 

ax 

0.0952 

ay 

0.0105 

az 

1.3532 

1 

12 

48 

0.0945 

0.0310 

1.3326 

2 

24 

36 

0.0938 

0.0516 

1.3121 

3 

36 

24 

0.0931 

0.0722 

1.2915 

4 

48 

12 

0.0924 

0.0927 

1.2709 

5 

60 

0 

0.0916 

0.1133 

1.2504 

6 

72 

12 

0.0924 

0,0927 

1.2709 

7 

84 

24 

0.0931 

0.0722 

1.2915 

8 

96 

36 

0.0938 

0.0516 

1-3121 

9 

108 

48 

0.0945 

0.0310 

1.3326 

10 

120 

60 

0.0952 

0.0105 

1.3532 

FIGURE  4.9 

DYNAMIC  LOAD  FACTORS 
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t 
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KZ/ERNER 


HULL  GIRDER  SECTION  MODULUS  CALCULATION _ 

Amphibious  Cargo  Beaching  Lighter 

Midships 

Hull  girder  maximum  depth  8  ft  Deck 


item 


Bottom  shell 


Bottom  Longitudinals 


side  shell 


side  longitudinals 


longitudinal  bulkheads 


long  bhd  stiffeners 


deck  plate 


deck  longitudinals 


Scantlings 


144  X  1/4 
5  @  L  5x3x5/1  6 


1/4  X  96 


3  @>  L4x3x1/4 


1/4  X  96 


WL3x2xT74" 


144  X  1/4 


5  @  FP15x4x1/4 


Totals  1 

164.47 

- i 

Height  of  neutral  axis 

na  = 

4.17 

ft 

Half  hull  girder  moment  of  inertia 
about  baseline 

1/2  1  2Z  = 

4425 

in*2  frZ 

Parallel  axis  term 

2854 

in^2  frZ 

Half  hull  girder  moment  of 
inertia  about  neutral  axis 

1/2  1  na  = 

1571 

in^2  ft"2 

Full  hull  girder  moment  of  inenia 

1  na  = 

3141 

in"2  ft"2 

Full  hull  girder  shear  area 

A  = 

329 

in^2 

Area 

(in"2) 


36 


12 


24 


5.11 


24 


3.61 


36 


23-75 


Height 

(ft) 


0.333 


Moment 
(in'^2  ft) 


96 


20 


96 


14 


288 


166 


2nd  Moment 
(in^2  fr2) 


384 


82 


384 


58 


2304 


1164 


685 


4377 


Section  Modulus  to  deck 
Section  Modulus  to  keel 


Zd  - 
Zk  = 


819 

754 


in"2  ft 
ln^2  ft 
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Bending  Moment  Calculation 


Amphibious  Cargo  Beaching  Lighter 


Load*  ^  -M1A1  Tenk 

Total  Displacement:  152.5  LT 


Position 

Buoyancy  Struture  wt 

Load 

Net  Load 

Shear 

Moment 

begin 

end 

0 

0 

0.1964 

0 

0.1964 

0.625 

0 

0 

0 

4 

0 

0.625 

0 

0.625 

0.7394 

1.6428 

1.614239 

3.228477 

5.22 

0 

0.7394 

0 

0.7394 

-0.6429 

2.475084 

2.437812 

5.700228 

8 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

2.609219 

2.552096 

12.6362 

12 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

0.037619 

-0.04806 

17.64426 

16 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-2.53398 

-2.64823 

12.25168 

20 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-5.10558 

-5.24839 

-3.54154 

24 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-7.67718 

-7.84855 

-29.7354 

28 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-10.2488 

-10.4487 

-66.3299 

32 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-12.8204 

-13.0489 

-113.325 

36 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-15.392 

-15.649 

-170.721 

40 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-17.9636 

-18.2492 

-238.517 

44 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-20.5352 

-20.8494 

-316.714 

48 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-23.1068 

-23.4495 

-405.312 

52 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

-25.6784 

-26.0497 

-504.311 

56 

-1.4286 

0.7857  1 

7.813 

7.1696 

7.1696 

-28.25 

-28.6498 

-613.71 

60 

-1.4286 

0.7857 

7.813 

7.1696 

7.1696 

0.428419 

0 

-671.009 

64 

-1.4286 

0.7857  2 

7.813 

-0.6429 

-0.6429 

29.10682 

28.64984 

-613.71 

68 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

26.53522 

26.04968 

-504.311 

72 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

23.96362 

23.44952 

-405.312 

76 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

21.39202 

20.84935 

-316.714 

80 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

18.82042 

18.24919 

-238.517 

84 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

16.24882 

15.64903 

-170.721 

88 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

13.67722 

13.04887 

-113.325 

92 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

11.10562 

10.44871 

-66.3299 

96 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

8.534019 

7.848549 

-29.7354 

100 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

5.962419 

5.248387 

-3.54154 

104 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

3.390819 

2.648226 

12.25168 

108 

-1.4286 

0.7857 

0 

-0.6429 

-0.6429 

0.819219 

0.048065 

17.64426 

112 

-1.4286 

0.7857 

0 

-0.6429 

0.7394 

-1.75238 

-2.5521 

12.6362 

1 14.78 

0 

0.7394 

0 

0.7394 

0.625 

-1.61825 

-2.43781 

5.700228 

116 

0 

0.625 

0 

0.625 

0.1964 

-0.78596 

-1.61424 

3.228477 

120 

0 

0.1964 

0 

0.1964 

0 

0.856838 

1.55E-15 

1.69E-14 

Loading  Shear  and  Moment  Distributions 


10  7 
8  ; 


0 

□  /v/< 


5.  h 


Bending  Moment  Calculation 


Amphibious  Cargo  Beaching  Lighter 


Load:  3  -  M1A1  Tanks 

Total  Displacement:  211  .b  LT 


Position 

Buoyancy  Struture  wt 

Load 

Net  Load 

Shear 

Moment 

0 

0 

0.1964 

0 

begin 

0.1964 

end 

0.5359 

0 

0 

0 

3.05 

0 

0.5359 

0 

0.5359 

0.1344 

1.116758 

1.101002 

1.679028 

4 

-0.4906 

0.625 

0 

0.1344 

-1.762 

1.43515 

1.414487 

2.873885 

8 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-1.82005 

-1.86138 

1.980105 

12 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-8.86805 

-8.93004 

-19.6027 

16 

-2.5477 

0.7857 

1 

7.813 

6.051 

6.051 

-15.9161 

-15.9987 

-69.4602 

20 

-2.5477 

0.7857 

7.813 

6.051 

6.051 

8.28795 

8.184633 

-85.0884 

24 

-2.5477 

0.7857 

2 

7.813 

-1.762 

-1.762 

32.49195 

32.36797 

-3.98315 

28 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

25.44395 

25.29931 

111.3514 

32 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

18.39595 

18.23064 

198.4113 

36 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

1 1 .34795 

11.16198 

257,1966 

40 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

4.29995 

4.093317 

287.7071 

44 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-2.74805 

-2.97535 

289.9431 

48 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-9.79605 

-10.044 

263.9044 

52 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-16.8441 

-17.1127 

209.591 

56 

-2.5477 

0.7857 

1 

7.813 

6.0505 

6.0505 

-23.8921 

-24.1813 

127.003 

60 

-2.5477 

0.7857 

7.813 

6.0505 

6.0505 

0.30995 

0 

78.64031 

64 

-2.5477 

0.7857 

2 

7.813 

-1.762 

-1.762 

24.51195 

24.18134 

127,003 

68 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

17.46395 

17.11267 

209.591 

72 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

10.41595 

10.04401 

263.9044 

76 

-2.5477 

0.7857 

0 

-1,762 

-1.762 

3.36795 

2.975347 

289.9431 

80 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-3.68005 

-4.09332 

287.7071 

84 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-10.7281 

-11.162 

257.1966 

88 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-17.7761 

-18.2306 

198.4113 

92 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-24.8241 

-25.2993 

1 11.3514 

96 

-2.5477 

0.7857 

1 

7.813 

6.051 

6.051 

-31.8721 

-32.368 

-3.98315 

100 

-2.5477 

0.7857 

7.813 

6.051 

6.051 

-7.66805 

-8.18463 

-85.0884 

104 

-2.5477 

0.7857 

2 

7.813 

-1.762 

-1.762 

16.53595 

15.9987 

-69.4602 

108 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

9.48795 

8.93004 

-19.6027 

112 

-2.5477 

0.7857 

0 

-1.762 

0.1344 

2.43995 

1.861377 

1.980105 

116 

-0.4906 

0.625 

0 

0.1344 

0.5359 

-0.81525 

-1.41449 

2.873885 

116.95 

0 

0.5359 

0 

0.5359 

0.1964 

-0.49686 

-1.101 

1.679028 

120 

0 

0.1964 

0 

0.1964 

0 

0.6199 

-1.6E-15 

-2.2E-15 

Bending  Moment  Calculation 


Amphibious  Cargo  Beaching  Lighter 


Load:  3  -  M1A1  Tanks  Closely  Spaced 

Total  Displacement:  211  .b  LT 


Position 

Buoyancy  Struture  wt 

Load 

Net  Load 

Shear 

Moment 

begin 

end 

0 

0 

0.1964 

0 

0.1964 

0.5359 

0 

0 

0 

3.05 

0 

0.5359 

0 

0,5359 

0.1344 

1.1 16758 

1.101205 

1.679338 

4 

-0.4906 

0.625 

0 

0.1344 

-1.762 

1.43515 

1.414753 

2.874418 

8 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-1.82005 

-1.86084 

1.982238 

12 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-8.86805 

-8.92924 

-19.5979 

16 

-2.5477 

0.7857 

0 

-1,762 

-1.762 

-15.9161 

-15.9976 

-69.4517 

20 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-22.9641 

-23.066 

-147.579 

24 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-30.0121 

-30.1344 

-253.98 

28 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-37.0601 

-37.2028 

-388.654 

32 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-44.1081 

-44.2712 

-551.603 

36 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-51.1561 

-51.3396 

-742.824 

40 

-2.5477 

0.7857 

1 

7.813 

6-0505 

6.0505 

-58.2041 

-58.408 

-962.32 

44 

-2.5477 

0.7857 

7.813 

6-0505 

6.0505 

-34.0021 

-34.2264 

-1147.59 

48 

-2.5477 

0.7857 

2 

7.813 

-1.762 

-1.762 

-9.80005 

-10.0448 

-1236.13 

52 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

-16.8481 

-17.1132 

-1290.45 

56 

-2.5477 

0.7857 

1 

7.813 

6.0505 

6.0505 

-23.8961 

-24.1816 

-1373.04 

60 

-2.5477 

0.7857 

7.813 

6.0505 

6.0505 

0.30595 

0 

-1421.4 

64 

-2.5477 

0.7857 

2 

7.813 

-1.762 

-1.762 

24.50795 

24.1816 

-1373.04 

68 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

17.45995 

17.11321 

-1290.45 

72 

-2.5477 

0.7857 

1 

7.813 

6.0505 

6.0505 

10.41195 

10.04481 

-1236.13 

76 

-2.5477 

0.7857 

7.813 

6.0505 

6.0505 

34.61395 

34.22641 

-1147.59 

80 

-2.5477 

0.7857 

2 

7.813 

-1.762 

-1.762 

58.81595 

58.40802 

-962.32 

84 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

51.76795 

51.33962 

-742.824 

88 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

44.71995 

44.27122 

-551.603 

92 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

37.67195 

37.20283 

-388.654 

96 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

30.62395 

30.13443 

-253.98 

100 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

23.57595 

23.06603 

-147.579 

104 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

16.52795 

15.99764 

-69.4517 

108 

-2.5477 

0.7857 

0 

-1.762 

-1.762 

9.47995 

8.92924 

-19.5979 

112 

-2.5477 

0.7857 

0 

-1.762 

0.1344 

2.43195 

1 .860843 

1.982238 

116 

-0.4906 

0.625 

0 

0.1344 

0.5359 

-0.82325 

-1.41475 

2.874418 

1 16.95 

0 

0.5359 

0 

0.5359 

0.1964 

-0.50486 

-1.10121 

1.679338 

120 

0 

0.1964 

0 

0.1964 

0 

0.61 19 

-1.6E-15 

1.01E-13 
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Bending  Moment  Calculation 


Amphibious  Cargo  Beaching  Lighter 


Load:  3  -  M1A1  Tanks  Closely  Spaced 

Total  Displacement:  277.5  LT 


Position 

Buoyancy  Struture  wt 

Load 

Net  Load 

Shear 

Moment 

begin 

end 

0 

-0.69 

0.1964 

0 

-0.4936 

-2.1929 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

-2.684 

0.4911 

0 

-2.1929 

-3.7743 

-5.373 

-5.2796 

-10.5592 

8 

-4.56 

0.7857 

0 

-3.7743 

-3.4813 

-17.3074 

-17.1206 

-55.3596 

12 

-4.267 

0.7857 

0 

-3.4813 

-3.1303 

-31.8186 

-31.5384 

-152.678 

16 

-3.916 

0.7857 

0 

-3.1303 

-2.7203 

-45.0418 

-44.6682 

-305.091 

20 

-3.506 

0.7857 

0 

-2.7203 

-2.2873 

-56.743 

-56.276 

-506.979 

24 

-3.073 

0.7857 

0 

-2.2873 

-1.8543 

-66.7582 

-66.1978 

-751.927 

28 

-2.64 

0.7857 

0 

-1.8543 

-1.4393 

-75.0414 

-74.3876 

-1033.1 

32 

-2.225 

0.7857 

0 

-1.4393 

-1.0573 

-81.6286 

-80.8814 

-1343.64 

36 

-1.843 

0.7857 

0 

-1.0573 

-1.0573 

-86.6218 

-85.7812 

-1676.96 

40 

-1.505 

0.7857 

1 

7.813 

7.0932 

7.3722 

-90.851 

-89.917 

-2028.36 

44 

-1.226 

0.7857 

7.813 

7.3722 

7.3722 

-61.9202 

-60.8928 

-2329.98 

48 

-1.021 

0.7857 

2 

7.813 

-0.0703 

-0.0703 

-32.4314 

-31.3106 

-2514.38 

52 

-0.856 

0.7857 

0 

-0.0703 

-0.0703 

-32.7126 

-31.4984 

-2640 

56 

-0.73 

0.7857 

1 

7.813 

7.8682 

7.9082 

-32.9938 

-31.6862 

-2766.37 

60 

-0.69 

0.7857 

7.813 

7.9082 

7.9082 

-1.441 

.  -0.04 

-2829.82 

64 

-0.73 

0.7857 

2 

7.813 

-0.0703 

-0.0703 

30.1918 

31.6862 

-2766.53 

68 

-0.856 

0.7857 

0 

-0.0703 

-0.0703 

29.9106 

31.4984 

-2640.16 

72 

-1.021 

0.7857 

1 

7.813 

7.3722 

7.3722 

29.6294 

31.3106 

-2514.54 

76 

-1.226 

0.7857 

7.813 

7.3722 

7.0932 

59.1182 

60.8928 

-2330.14 

80 

-1.505 

0.7857 

2 

7.813 

-1.0573 

-1.0573 

88.049 

89.917 

-2028.52 

84 

-1.843 

0.7857 

0 

-1.0573 

-1 .4393 

83.8198 

85.7812 

-1677.12 

88 

-2.225 

0.7857 

0 

-1.4393 

-1.8543 

78.8266 

80.8814 

-1343.8 

92 

-2.64 

0.7857 

0 

-1.8543 

-2.2873 

72.2394 

74.3876 

-1033.26 

96 

-3.073 

0.7857 

0 

-2.2873 

-2.7203 

63.9562 

66.1978 

-752.087 

100 

-3.506 

0.7857 

0 

-2.7203 

-3.1303 

53.941 

56.276 

-507.139 

104 

-3.916 

0.7857 

0 

-3.1303 

-3.4813 

42.2398 

44.6682 

-305.251 

108 

-4.267 

0.7857 

0 

-3.4813 

-3.7743 

29.0166 

31.5384 

-152.838 

112 

-4.56 

0.7857 

0 

-3.7743 

-2.1929 

14.5054 

17.1206 

-55.5196 

116 

-2.684 

0.4911 

0 

-2.1929 

-0.4936 

2.571 

5.2796 

-10.7192 

120 

0 

0 

0 

0 

0 

0 

120 

-0.69 

0.1964 

0 

-0.4936 

0 

-2.802 

0 

0 

moment  [LT  ft  shear  [LT]  load  [LT] 


Loading  Shear  and  Moment  Distributions 
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Bending  Moment  Calculation 


Amphibious  Cargo  Beaching  Lighter 

Load:  2  >  M1A1  Tanks  At  Ends  Hogging  Wave 

Total  Displacement:  215  LT 


Position 

Buoyancy  Struture  wt 

Load 

Net  Load 

Shear 

Moment 

begin 

end 

0 

0 

0.1964 

0 

0.1964 

0.4911 

0 

0 

0 

4 

0 

0.4911 

0 

0.4911 

0.7828 

1.375 

1.342425 

2.684851 

7.96 

0 

0.7828 

0 

0.7828 

0.762 

3.897322 

3.832499 

15.25334 

8 

-0.0237 

0.7857 

0 

0.762 

0.596 

3.928218 

3.863069 

15.40726 

12 

-0.1897 

0.7857 

0 

0.596 

0.596 

6.644218 

6.546494 

36.22638 

16 

-0.418 

0.7857 

1 

7.813 

8.1802 

7.8939 

9.028218 

8.89792 

67.11521 

20 

-0.7043 

0.7857 

7.813 

7.8939 

7.8939 

41.17642 

41.01355 

166,9381 

24 

-1.0426 

0.7857 

2 

7.813 

-0.6386 

-0.6386 

72.75202 

72.55657 

394.0784 

28 

-1.4243 

0.7857 

0 

-0.6386 

-1.0534 

70.19762 

69.9696 

679.1307 

32 

-1.8391 

0.7857 

0 

-1.0534 

-1.4865 

66.81362 

66.55302 

952-1759 

36 

-2.2722 

0.7857 

0 

-1.4865 

-1.9194 

61.73382 

61.44065 

1208.163 

40 

-2.7051 

0.7857 

0 

-1.9194 

-2.324 

54.92202 

54.59627 

1440.237 

44 

-3.1097 

0.7857 

0 

-2.324 

-2.6582 

46.43522 

46.0769 

1641.583 

48 

-3.4439 

0.7857 

0 

-2.6582 

-2.9178 

36.47082 

36.07992 

1805.897 

52 

-3.7035 

0.7857 

0 

-2.9178 

-3.1398 

25.31882 

24.89535 

1927.848 

56 

-3.9255 

0.7857 

0 

-3.1398 

-3.2177 

13.20362 

12.74757 

2003.133 

60 

-4.0034 

0.7857 

0 

-3.2177 

-3.1398 

0.488618 

0 

2028.629 

64 

-3.9255 

0.7857 

0 

-3.1398 

-2.9178 

-12.2264 

-12.7476 

2003.133 

68 

-3.7035 

0.7857 

0 

-2.9178 

-2.6582 

-24.3416 

-24.8953 

1927.848 

72 

-3.4439 

0.7857 

0 

-2.6582 

-2.324 

-35.4936 

-36.0799 

1805.897 

76 

-3.1097 

0.7857 

0 

-2.324 

-1.9194 

-45.458 

-46.0769 

1641.583 

80 

-2.7051 

0.7857 

0 

-1.9194 

-1.4865 

-53.9448 

-54.5963 

1440.237 

84 

-2.2722 

0.7857 

0 

-1.4865 

-1.0534 

-60.7566 

-61.4406 

1208.163 

88 

-1.8391 

0.7857 

0 

-1.0534 

-0.6386 

-65.8364 

-66.553 

952.1759 

92 

-1.4243 

0.7857 

0 

-0.6386 

-0.6386 

-69.2204 

-69.9696 

679.1307 

96 

-1.0426 

0.7857 

1 

7.813 

7.8939 

7.8939 

-71.7748 

-72.5566 

394.0784 

100 

-0.7043 

0.7857 

7.813 

7.8939 

8.1802 

-40.1992 

-41.0135 

166.9381 

104 

-0.418 

0.7857 

2 

7.813 

0.596 

0.596 

-8.05098 

-8.89792 

67.11521 

108 

-0.1897 

0.78.57 

0 

0.596 

0.762 

-5.66698 

-6.54649 

36.22638 

112 

-0.0237 

0.7857 

0 

0.762 

0.7828 

-2.95098 

-3.86307 

15.40726 

1 12.04 

0 

0.7828 

0 

0.7828 

0.491 1 

-2.92009 

-3.8325 

15.25334 

116 

0 

0.491 1 

0 

0.4911 

0.1964 

-0.39776 

-1.34243 

5.006995 

120 

0 

0.1964 

0 

0.1964 

0 

0.977236 

-8.4E-15 

2.322144 
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CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Bottom  Longitudinals 

Date: 

L  5x3x5/16 

Prepared  by 

US 

L 

Plate  thickness 

0.25 

in 

Plate  width 

15 

in 

Depth  of  Section 

5 

in 

Web  thickness 

0.3125 

in 

Flange  width 

3 

in 

Flange  thickness 

0.3125 

in 

Section 

y 

Area 

Area*y  Area*y"2 

lo 

Piece 

(in) 

(in"2) 

(in^3)  (in^4) 

(in"4) 

Plate 

0.13 

3.75 

0.47  0.06 

0.02 

Web 

2.59 

1.46 

3.80  10 

2.68 

Flange 

5.09 

0.94 

4.78  24 

0.01 

Totals 

6.15 

9.04  34 

2.71 

Centroid 

1.47  in 

Approximate 

Weight 

Ixx  at  centroid 

24  inM 

SM  pi 

16.09  in^3 

Plate 

13.22 

rx  = 

1.96  in 

SM  fig 

6.26  in^3 

Web 

5.17 

ry  = 

Shear  Area 

1.64  in^2 

Flange 

3.31 

lyy 

“W  +  FLG 

8.47 
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CALCULATION  OF  SECTION  PROPERTIES 


ACB  Lighter 
Project  No. 


969 


Deck  Beams 
FP  15x4x1/4 


Date: 

Prepared  by: 


US 

FP 

Plate  thickness 

0.25  in 

Plate  width 

15  in 

Depth  of  Section 

15  in 

Web  thickness 

0.25  in 

Flange  width 

4  in 

Flange  thickness 

0.25  in 

Section 

y 

Area 

Area*y  Area*y^2 

lo 

Piece 

(in) 

{in^2) 

(in^S)  (in"4) 

(in^4) 

Plate 

0.13 

3.75 

0.47  0.06 

0.02 

Web 

7.50 

3.63 

27.19  204 

63.51 

Flange 

15.13 

0.88 

13.23  200 

0.01 

Totals 

8.25 

40.89  404 

63.54 

Centroid 

4.96 

Ixx  at  centroid 

265 

SM  pi 

53.47 

SM  fig 

25.74 

Shear  Area 

3.81 

lyy 

in 

Approximate 

Weight 

in^4 

in"3 

Plate 

13.22 

in^'S 

Web 

12.78 

in^2 

Flange 

3.09 

W  +  FLG 

15.87 

rx  = 
ry  = 


5.67  in 
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ACB120 


1  MlAl  Tank  St1 1 1  Water 

Part:  HULL  Component;  HULL.C  Side:  CL  Effectiveness: 

1.000 

Origin  Depth:  2.083  Trim;  zero  Heel:  zero 
HULL.C  COMPONENT  SECTIONS 

Section  Baseline  Section  Waterline 

Location- --Depth - Area---TCtr - VCtr - Width - Ctr 

60.00f  2.08 


54 

.78f 

2 

.08 

0 

.00 

0 

.00 

2 

.08 

24 

.00 

0.00 

52 

.OOf 

2 

.08 

50 

.00 

0 

.00 

1 

.04 

24 

.00 

0.00 

48 

.OOf 

2 

.08 

50 

.00 

0 

.00 

1 

.04 

24 

.00 

0.00 

44 

.OOf 

2 

.08 

50 

.00 

0 

.00 

1 

.04 

24 

.00 

0.00 

40 

.OOf 

2 

,08 

50 

.00 

0, 

.00 

1 

.04 

24, 

.00 

0.00 

36 

.OOf 

2, 

.08 

50 

.00 

0. 

.00 

1 

.04 

24, 

.00 

0.00 

32 

.OOf 

2 

.08 

50 

.00 

0, 

.00 

1, 

.04 

24, 

.00 

0.00 

28 

.OOf 

2. 

.08 

50 

.00 

0. 

.00 

1, 

.04 

24, 

.00 

0.00 

24, 

.OOf 

2. 

.08 

50 

.00 

0. 

.00 

1, 

.04 

24, 

.00 

0.00 

20 

.OOf 

2, 

.08 

50, 

.00 

0, 

.00 

1, 

.04 

24. 

,00 

0.00 

15. 

.OOf 

2. 

.08 

50, 

,00 

0, 

,00 

1. 

.04 

24. 

,00 

0.00 

10. 

.OOf 

2. 

,08 

50, 

.00 

0. 

.00 

1. 

.04 

24. 

00 

0.00 

5. 

,00f 

2. 

,08 

50, 

.00 

0. 

00 

1. 

.04 

24. 

00 

0.00 

0. 

,00 

2. 

08 

50. 

.00 

0. 

00 

1. 

,04 

24. 

00 

0.00 

5. 

00a 

2. 

08 

50. 

.00 

0. 

00 

1. 

04 

24. 

00 

0.00 

10, 

00a 

2. 

08 

50. 

.00 

0. 

00 

1. 

04 

24. 

00 

0.00 

15. 

00a 

2. 

08 

50. 

,00 

0. 

00 

1. 

04 

24. 

00 

0.00 

20. 

00a 

2. 

08 

50. 

,00 

0. 

00 

1. 

04 

24. 

00 

0.00 

24. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

28. 

00a 

2. 

08 

•50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

32. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

36. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

40. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

44. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

48. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24. 

00 

0.00 

52. 

00a 

2. 

08 

50. 

00 

0. 

00 

1. 

04 

24, 

00 

0.00 

54. 

78a 

2. 

08 

0. 

00 

0. 

00 

2. 

08 

24. 

00 

0.00 

60.00a  2.08 

Distances  in  FEET. 
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BHS  5.14  ACB  120  feet  module  ACB120 

3  MlAl  Tanks  Still  Water 

Part:  HULL  Component:  HULL.C  Side:  CL  Effectiveness: 

1.000 


Origin  Depth: 

3.714 

Trim: 

zero  Heel 

:  zero 

HULL.C  COMPONENT  SECTIONS 

Section 

Baseline 

S  e 

c  t  i 

0  n 

Waterline 

Location- 

■--Depth--- 

--Area--- 

-TCtr- 

---VCtr - 

-Width-- 

--Ctr 

eo.oof 

3.71 

56.95f 

3.71 

0.00 

0.00 

3.71 

24.00 

0.00 

56.00f 

3.71 

17.15 

0.00 

3.36 

24.00 

0.00 

52.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

48.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

44.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

40.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

36.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

32.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

28.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

24.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

20.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

15.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

lO.OOf 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

5.00f 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

0.00 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

5.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

10.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

15.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

20.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

24.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

28.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

32.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

36.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

40.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

44.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

48.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

52.00a 

3.71 

89.15 

0.00 

1.86 

24.00 

0.00 

56.00a 

3.71 

17.15 

0.00 

3.36 

24.00 

0.00 

56.95a 

3.71 

0.00 

0.00 

3.71 

24.00 

0.00 

60.00a 

Distance 

3.71 

s  in  FEET.- 
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BHS  5.14  ACB  120  feet  module  ACB120 

2  MlAl  Tanks  Still  Water 


Part;  HULL  Component:  HULL.C  Side:  CL  Effectiveness: 

1.000 

Origin  Depth:  2.907  Trim;  zero  Heel:  zero 


HULL.C  COMPONENT  SECTIONS 


Section 

Baseline 

S 

e  c  t  i 

0  n 

Waterline 

Location- 

--Depth-- 

---Area- 

■--TCtr- 

---VCtr-- 

---Width-- 

--Ctr 

60.00f 

2.91 

55.88f 

2.91 

0.00 

0.00 

2.91 

24.00 

0.00 

52.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

48.00f 

2.91 

69.77 

0.00 

1.45 

•24.00 

0.00 

44.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

40.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

36.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

32.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

28.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

24.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

20.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

15.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

lO.OOf 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

5.00f 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

0.00 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

5.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

10.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

15.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

20.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

24.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

28.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

32.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

36.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

40.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

44.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

48.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

52.00a 

2.91 

69.77 

0.00 

1.45 

24.00 

0.00 

55.88a 

2.91 

0.00 

0.00 

2.91 

24.00 

0.00 

60.00a 

2.91 

Distances 

in  FEET.- 
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BHS  5.14  ACB  120  feet  module  ACB120 

3  MlAl  Tanks  on  L/20  Trochoidal  Wave 


HULL.C  COMPONENT  SECTIONS 


Section 

Baseline 

W  a 

V  e 

S  e 

c  t  i 

0  n 

Waterline 

Location- 

--Depth--- 

-Height- 

-+Heel -- 

- Area- -■ 

-TCtr-- 

.--VCtr - 

■Width- 

---Ctr 

60.00f 

4.01 

3.00 

0.00 

24.15 

0.00 

6.50 

24.00 

0.00 

56.00f 

4.01 

2.91 

0.00 

93.95 

0.00 

4.96 

24.00 

0.00 

52.00f 

4.01 

2.64 

0.00 

159.59 

0.00 

3.32 

24.00 

0.00 

48.00f 

4.01 

2.23 

0.00 

149.67 

0.00 

3.12 

24.00 

0.00 

44.00f 

4.01 

1.70 

0.00 

137.05 

0.00 

2.86 

24.00 

0.00 

40.00f 

4.01 

1.11 

0.00 

122.71 

0.00 

2.56 

24.00 

0.00 

36.00f 

4.01 

0.48 

0.00 

107.55 

0.00 

2.24 

24.00 

0.00 

32.00f 

4.01 

-0.16 

0.00 

92.39 

0.00 

1.92 

24.00 

0.00 

28.00f 

4.01 

-0.76 

0.00 

77.88 

0.00 

1.62 

24.00 

0.00 

24.00f 

4.01 

-1.32 

0.00 

64.51 

0.00 

1.34 

24.00 

0.00 

20.00f 

4.01 

-1.81 

0.00 

52.67 

0.00 

1.10 

24.00 

0.00 

IS.OOf 

4.01 

-2.32 

0.00 

40.46 

0.00 

0.84 

24.00 

0.00 

lO.OOf 

4.01 

-2.69 

0.00 

31.48 

0.00 

0.66 

24.00 

0.00 

5.00f 

4.01 

-2.92 

0.00 

25.99 

0.00 

0.54 

24.00 

0.00 

0.00 

4.01 

-3.00 

0.00 

24.15 

0.00 

0.50 

24.00 

0.00 

5.00a 

4.01 

-2.92 

0.00 

25.99 

0.00 

0.54 

24.00 

0.00 

10.00a 

4.01 

-2.69 

0.00 

31.48 

0.00 

0.66 

24.00 

0.00 

15.00a 

4.01 

-2.32 

0.00 

40.46 

0.00 

0.84 

24.00 

0.00 

20.00a 

4.01 

-1.81 

0.00 

52.67 

0.00 

1.10 

24.00 

0.00 

24.00a 

4.01 

-1.32 

0.00 

64.51 

0.00 

1.34 

24.00 

0.00 

28.00a 

4.01 

-0.76 

0.00 

77.88 

0.00 

1.62 

24.00 

0.00 

32.00a 

4.01 

-0.16 

0.00 

92.39 

0.00 

1.92 

24.00 

0.00 

36.00a 

4.01 

0.48 

0.00 

107.55 

0.00 

2.24 

24.00 

0.00 

40.00a 

4.01 

1.11 

0.00 

122.71 

0.00 

2.56 

24.00 

0.00 

44.00a 

4.01 

1.70 

0.00 

137 . 05 

0.00 

2.86 

24.00 

0.00 

48.00a 

4.01 

2.23 

0.00 

149.67 

0.00 

3.12 

24.00 

0.00 

52.00a 

4.01 

2.64 

0.00 

159.59 

0.00 

3.32 

24.00 

0.00 

56.00a 

4.01 

2.91 

0.00 

93.95 

0.00 

4.96 

24.00 

0.00 

60.00a 

4.01 

3.00 

0.00 

24.15 

0.00 

6.50 

24.00 

0.00 

Distances 

in  FEET.- 

--Wave 

heel  angles  in  degrees. 
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BHS  5.14  ACB  120  feet  module  ACB120 


2  MlAl  Tanks  on  L/20  Trochoidal  Wave 


HULL.C  COMPONENT  SECTIONS 


Section 

Baseline 

W  a 

V  e 

s 

e  c  t  i 

0  n 

Water! i ne 

Location- 

---Depth-- 

--Height-' 

-+Heel-- 

- Area- 

---TCtr- 

---VCtr-- 

---Width- 

---Ctr 

60.00f 

2.84 

-3.00 

0.00 

52.04f 

2.84 

-2.81 

0.00 

0.00 

0.00 

0.03 

24.00 

0.00 

52.00f 

2.84 

-2.80 

0.00 

0.83 

0.00 

0.02 

24.00 

0.00 

48.00f 

2.84 

-2.56 

0.00 

6.64 

0.00 

0.14 

24.00 

0.00 

44.00f 

2.84 

-2.23 

0.00 

14.63 

0.00 

0.30 

24.00 

0.00 

40.00f 

2.84 

-1.81 

0.00 

24.65 

0.00 

0.51 

24.00 

0.00 

36.00f 

2.84 

-1.32 

0.00 

36.49 

0.00 

0.76 

24.00 

0.00 

32.00f 

2.84 

-0.76 

0.00 

49.85 

0.00 

1.04 

24.00 

0.00 

28.00f 

2.84 

-0.16 

0.00 

64.37 

0.00 

1.34 

24.00 

0.00 

24.00f 

2.84 

0.48 

0.00 

79.53 

0.00 

1.66 

24.00 

0.00 

20.00f 

2.84 

1.11 

0.00 

94.68 

0.00 

1.97 

24.00 

0.00 

15.00f 

2.84 

1.84 

0.00 

112.38 
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AMPHIBIOUS  CARGO  BEACHING  LIGHTER  DEVELOPMENT  -  PHASE  I 
FINAL  REPORT 
APPENDIX  E 

The  following  weight  sheets  document  the  weight  of  the  Center  moudel  for  various 
weight  trade-offs  made  in  structural  arrangments.  In  summary  these  are: 

•  Ordinary  Strength  steel  deck,  longitudinally  framed,  12  in  stiff  spacing  70872# 


•  Ordinary  Strength  steel  deck,  transversely  framed  82751# 

•  High  Strength  steel  deck,  longitudinally  framed,  8  ft  web  spacing 

12  inch  stiff  spacing  63529# 

•  High  Strength  steel  deck,  corrugated  panels  60539# 

•  High  Strength  steel  deck,  longitudinally  framed, 4  ft  web  spacing, 

1 2  i  nch  stiff  spaci  ng  644 1 9# 

•  High  Strength  steel  deck,  longitudinally  framed,  8  ft  web  spacing, 

24  inch  stiff  spacing  (final  arrangement)  57933# 
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o 
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> 
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o 
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CD 

CO 
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298.35 
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00 

CD 

CO 

CO 

8099 

19.635 

26112 

3739.2 

67.32 

1651.2 
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a 

-j 

1 

II 

o 
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o 
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20 

o 

CM 

o 

CM 
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CM 

o 

CM 

CM 

o 

CM 

o 

CM 

o 

CM 

M- 

CM 

o 

CM 

o 

CM 

o 

CM 

1 

TCG 

1 

1 

o 

o 

o 
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o 
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O 

O 

O 

o 

1 

VCG 

1 

1 

o 

M- 

0.3 

0.71 

0.71 

T“ 

1 

t  cd 

9792 

CO 

CNi 

to 

CD 

4896 

33.66 

2952 

1392 

ID 

00 

CD 

CM 

CD 

ID 

CO 

00 

CD 

CM 

00 

00 

CM 

CD 

CD 

110.48 

412.8 

835.2 

137.7 

17.85 

6528 

934.8 

CO 

00 

CD 

412.8 

o 

CD 

o> 

^o~ 

TT 

CD 

CM 

o 

CD 

CO 

240 

•M* 

D) 

CO 

CM 

oo 

M- 

CO 

'M- 

CM 

144 

OO 

o 

640 

228 

CM 

CO 

NO. 

OFF 

1 

1 

CM 

CD 

CM 

1 

H 

Z 

3 

CM 

CM 

iti 

CM 

CM 

iti 

1 

1 

1 

iti 

it; 

1 

1 

1 

1 

1 

1 

1 

a 

o 

CD 

Gi 

o 

CM 

CO 

CM 

o> 

CM 

CM 

CD 

o 

o 

CO 

T~ 

CO 

CM 

oo 

CD 

M- 

CM 

CD 

'M- 

CD 

0.7 

320 

00 

CO 

0.22 

CD 

H 

Z 

3 

CM 

s 

CM 

"s 

3 

3 

3 

3 

CM 

3 

CM 

3 

3 

3 

3 

3 

3 

CM 

£ 
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1 

1 

u. 
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3 

TT 

CD 
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o 

00 

CM 

"oo" 

CM 

CM 

00 

00 

ID 

00 

CM 

00 

CM 

00 

CO 

00 

cd 

CM 

00 

ID 

OO 

CM 

00 

CM 

1 

12.8 

1 

1 

ITEM  DESCRIPTION 

LU 

a: 

3 

1 — 
O 
3 

cr 

1— 

CO 

CD 

z 

l- 

< 

-J 

Q_ 

LU 

X 

CO 

BOTTOM  SHELL  1/4"  PL 

SIDE  SHELL  1/4"  PL 

TRANSOM  5/16"  PL 

SIDE  SHELL/TRANSOM  BKT  5/16"  PL 

CD 

z 

< 

a: 

LL 

-j 

b 

z 

o 

-J 

BOTTOM  LONG!  5"x3"x5/16"  OA 

SIDE  LONG'L  4"x3"x1/4"  OA 

TRANSOM  BKT  5/16"  PL  (TOP) 

TRANSOM  BKT  5/16"  PL  (BTM) 

o 

z 

< 

q: 

LL 

LU 

CD 

a: 

LU 

ii 

1  < 

!  q: 

i  H 

BOTTOM  TRANSV  10"x3"x5/16"  FLG  PL 

BOTTOM  TRANSV  10"x3"x5/16"  FLG  PL 

SIDE  TRANSV  8"x4"x7/16"  OA 

TRANSOM  FRAMING  4"x3"x1/4"  OA 

TRANSOM  HORIZONTAL  BKT  5/16" 

5 

h- 

GO 

> 

CD 

Z 

< 

cr: 

H 

1 — 
QQ 

LONG'L  STRUCTURAL  BULKHEAD 

1 

1 

I 

1 

•• 

sg/ws 

o 

o 

CD 

1  ^ 

i 

1 

CM 

i 

i 

i 

1 

i 

00 


o 

C5 

CL 


a: 


M  ^ 

o  y 


Lmom 

CO 

CO 

CO 

3890.736 

826.2 

CD 

CO 

CO 

00 

o 

CO 

CO 

CO 

CO 

CO 

3890.736 

CM 

CO 

CM 

CO 

CD 

CO 

CO 

2203.2 

195840 

115200 

o 

o 

o 

CM 

O 

O 

00 

428.4 

3375 

1157263 

Tmom 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

1575 

1575 

E 

o 

E 

> 

5222.4 

607.9275 

20.655 

512.55 

8099 

7833.6 

911.8913 

30.9825 

768.825 

8099 

78336 

o 

o 

CM 

CO 

o 

o 

00 

1450 

111.5625 

o 

o 

CM 

244680.8 

LCG 

24 

24 

24 

CM 

CM 

CD 

16 

CD 

CD 

CO 

20 

20 

20 

24 

24 

22.5 

20 

TCG 

o 

o 

o 

O 

O 

O 

o 

O 

O 

o 

o 

o 

o 

o 

o 

10.5 

£00 

VCG 

3.75 

90 

6.7 

3.75 

90 

h- 

CD 

00 

in 

7.25 

7.25 

6.25 

00 

4.22 

t  d 

>  jj 

CD 

LO 

O 

CO 

162.11 

34.425 

76.5 

137.7 

1958.4 

243.17 

00 

CO 

CD 

to 

114.75 

137.7 

9792 

5760 

1200 

200 

17.85 

150 

57933 

TOTL 

QTY 

1 

CO 

CM 

39.54 

2.7 

CD 

10.8 

192 

59.31 

to 

o 

CD 

10.8 

096 

o 

CD 

CO 

48 

00 

1 

1 

1 

1 

NO. 

OFF 

CM 

CD 

(D 

CD 

CM 

T — 

'T** 

CD 

CD 

CD 

CM 

T — 

CD 

CM 

CM 

h- 

z 

3 

1 

CM 

1 

1 

1 

1 

03 

CD 

>- 

H* 

a 

CO 

6S'9 

0.45 

60 

CM 

CJ> 

6S'9 

0.45 

60 

o 

CD 

CD 

O 

24 

00 

0.7 

z 

3 

<N 

Ib/ft 

CM 

CM 

B 

B 

CM 

B 

Ib/ft 

CM 

B 

CM 

B 

CM 

B 

CM 

B 

B 

B 

B 

CM 

s 

UNIT 

WT 

CM 

O 

4.1 

GO 

CM 

00 

CM 

CO 

csi 

CM 

O 

T— 

00 

Csi 

T“ 

00 

CM 

00 

CM 

CM 

CD 

T — 

CD 

T — 

to 

CM 

in 

CM 

00 

csi 

O 

m 

ITEM  DESCRIPTION 

■ 

TRANSV  STRUCTURAL  BULKHEAD 

PARTIAL  BHD  1/4"  PL 

PARTIAL  BHD  STIFF'R  3"x2"x1/4"  OA 

BOTTOM  BKT  5/16"  (COMBINED) 

TOP  BKT  5/16"  (COMBINED) 

HOR  BKT  5/16"  (COMBINED) 

FULL  TRANSV  BHD  1/4"  PL 

-  BHD  STIFF'R  3"x2"x1/4"  OA 

-  BOTTOM  BKT  5/16"  (COMBINED) 

-  TOP  BKT  5/16"  (COMBINED) 

-  HOR  BKT  5/16"  (COMBINED) 

1 

Q 

Z 

< 

MAIN  DK  PLATING  1/4"  PL 

DK  LONG'L  15"x4"x5/16"  FLG  PL 

o. 

^  i 

?l 
^  1 
-X  ; 
^  : 
CM  1 

>  j 

CD 

<i 

h! 
^  1 
Q  1 
_i  i 

-j 

3  i 
u-  i 

PARTIAL  DECK  TRANSV  24"x4"x1/4"  FLG  PL 

H 

_i 

CL 

CD 

in 

1 — 

CQ 

> 

CD 

Z 

< 

(T 

H 

Q 

X 
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h~ 

< 
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o 

H- 

S9MS 

CM 

CM 

CO 

T— 

j 

i 

1 

CD 

CD 

o 

o 
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APPENDIX  F 


Stability  Calculations 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  Unloaded  40  ft  module 

Case  0  Intact 

Displacement  30  LT 

0  ft 
0  deg 


Draft 

VCG 

GM 


1 .09  ft 
4.5  ft 
39.9  ft 


trim 

heel 


Damage 


Heel 

Righting 

Angle 

Arm 

Area 

0 

0 

0 

5 

3.494 

8.74 

10 

5.547 

31.3 

15 

6.243 

60.8 

20 

6.473 

92.6 

22.26 

6.492 

107 

25 

6.465 

125 

30 

6.307 

157 

35 

6.044 

188 

40 

5.702 

217 

45 

5.303 

245 

50 

4.864 

270 

55 

4.372 

293 

31 

21 

11 

22 

12 

33 

23 

13 

Stability 

Criteria 

Righting  Area  0-40  deg  >  15  ft  deg  217  OK 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  Unloaded  1 20  foot  barge 


Case  0 

Intact 

Displacement 

90 

Draft 

1.24 

VCG 

4.5 

GM 

35.4 

LT 

ft  trim  0  ft 

ft  heel  0  deg 

ft 


Damage 


91 

81 

71 

61 

51 

41 

31 

21 

11 

92 

72 

52 

42 

22 

12 

93 

83 

73 

63 

53 

43 

33 

23 

13 

Heel  Righting  Stability 

Angle  Arm  Area  Criteria 


0  0  0  Righting  Area  0-40  deg  >  1 5  ft  deg  214  OK 


5 

3.18 

7.95 

10 

5.361 

29.3 

15 

6.106 

58 

20 

6.384 

89.2 

23.55 

6.43 

112 

25 

6.422 

121 

30 

6.307 

153 

35 

6.08 

184 

40 

5.77 

214 

45 

5.402 

242 

50 

4.988 

268 

55 

4.491 

291 

STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  200  LT  Cargo 

Case  0  Intact 


Displacement 

Draft 

VCG 

GM 


290  LT 
3.88  ft 
9.96  ft 
4.99  ft 


Damage 


91 

81 

71 

61 

51 

41 

31 

21 

1  1 

92 

72 

52 

42 

22 

12 

1 

93 

83 

73 

63 

53 

43 

33 

23 

13 

Heel 

Righting 

Angle 

Arm 

Area 

0 

0 

0 

5 

0.504 

0.94 

10 

0.982 

4.67 

15 

1.459 

10.8 

19.37 

1.906 

18.1 

20 

1.951 

19.3 

22.66 

2.02 

24.6 

25 

1.966 

29.3 

30 

1.64 

38.4 

35 

1.146 

45.4 

40 

0.56 

49.8 

44.39 

0 

51 

45 

-0.08 

50 

-0.749 

55 

-1.433 

60 

-2.12 

Stability 

Criteria 

Righting  Area  0-40  deg 


>  1 5  ft  deg  50  OK 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition 
Case  1 


200  LT  Cargo 

Damage  to  Tanks  1  2  and  1 3 


Displacement 

Draft 

VCG 

GM 


290  LT 

4.2  ft 
9.96  ft 

4.3  ft 


1 .89  ft 
3.67  deg 


Damage 

91 

81  i  71 

! 

61  51  41 

31  21  11 

92 

72 

52  42 

22  12 

93 

83  73 

63  53  43 

33  23  13 

Heel 

Righting 

Stability 

Angle 

Arm 

Area 

Criteria 

3.67 

0 

0 

Equilibrium  hee 

1  <15  deg 

3.7  OK 

8.67 

0.365 

0.68 

Stability  Range 

>15  deg 

34  OK 

12.04 

0.637 

2.37 

Min.  Freeboard 

>  0  ft 

2.1  OK 

13.67 

18.67 
21.63 

23.67 

28.67 

33.67 
37.88 

38.67 

43.67 

48.67 


0.776 

1.134 

1.195 

1.164 

0.893 

0.447 

0 

-0.088 

-0.675 

-1.286 


2.5  r 
2  ^ 

1.5  r 
1  • 

0.5  . 
0  ; 
-0.5  ^ 
-1  : 


-1.5 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  200  LT  Cargo 

Case  2  Damage  to  Tanks  1 3  and  23 


Displacement 

Draft 

VCG 

GM 


290  LT 

4.18  ft  trim  1.69  ft 

9.96  ft  heel  7.2  deg 

4.1  ft 


Damage 


91 

- ^ - 

81  !  71 

61 

41 

31 

21 

11 

92 

72 

52 

42 

22 

12 

93 

83  73 

63 

53 

43 

33 

23 

13 

Heel 

Righting 

Stability 

Angle 

Arm 

Area 

Criteria 

7.2 

0 

0 

Equilibrium  heel 

<15  deg 

7.2  OK 

12.2 

0.353 

0.65 

Stability  Range 

>15  deg 

29  OK 

13.12 

0.424 

1.01 

Min.  Freeboard 

>  Oft 

1.4  OK 

17.2 

0.733 

3.36 

22.2 

0.902 

7.51 

27.2 

0.749 

11.8 

32.2 

0.384 

14.7 

36.22 

0 

15.5 

37.2 

-0.1 

15.4 

42.2 

-0.648 

13.6 

47.2 

-1.229 

8.92 

2.5  r 
2  - 

1.5  : 
1  ■ 

0.5 
0  : 
-0.5  ^ 
-1 
-1.5 


10 


20 


30 


V 


50 


60 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  200  LT  Cargo 

Case  3  Damage  to  Tanks  23  and  33 


Displacement 

Draft 

VCG 

GM 


290  LT 

4.24  ft  trim  1.39  ft 

9.96  ft  heel  8.5  deg 

4.3  ft 


Damage 


91 

81 

71  I  61 

51 

_ 

41 

31 

21 

11 

92 

72  52 

' 

42 

22 

_ _ 

12 

93 

83 

73  63 

53 

43 

i 

33 

23 

13 

Heel 

Righting 

Stability 

Angle 

Arm 

Area 

Criteria 

8.5 

0 

0 

Equilibrium  heel 

<15  deg 

8.5  OK 

13.5 

0.381 

0.71 

Stability  Range 

>15  deg 

27  OK 

14.09 

0.428 

0.95 

Min.  Freeboard 

>  0  ft 

1.2  OK 

18.5 

0.755 

3.56 

22.2 

0.86 

6.58 

23.5 

0.847 

7.69 

28.5 

0.621 

11.4 

33.5 

0.221 

13.5 

35.82 

0 

13.8 

38.5 

-0.275 

13.4 

43.5 

-0.826 

10.7 

I 

I 

I  2.5  j 

2  ^ 

i  1.5  r 
1  ■ 
0.5  - 
0 

-0.5  ^ 


10  20  30  40  50  60 


-1 

-1.5 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  200  LT  Cargo 

Case  4  Damage  to  Tanks  33  and  43 


Displacement 

Draft 

VCG 

GM 


290  LT 

4.41  ft  trim  1 .28  ft 

9.96  ft  heel  12.33  deg 

4.31  ft 


Damage 


91 

81 

71 

61 

51 

41 

- 1 

31 

21 

11 

92 

72 

52 

42 

22 

12 

93 

83 

73 

63 

53 

Heel 

Righting 

Stability 

Angle 

Arm 

Area 

Criteria 

12.33 

0 

0 

Equilibrium  heel 

14.91 

0.188 

0.01 

Stability  Range 

17.33 

0.35 

0.67 

Min.  Freeboard 

22.33 

0.504 

2.89 

27.33 

0.338 

5.12 

32.12 

0 

6 

32.33 

-0.018 

6 

37.33 

-0.475 

4.81 

42.33 

-0.993 

1.16 

<15  deg 

12  OK 

>  1 5  deg 

20  OK 

>  0  ft 

0.3  OK 

2.5  ; 

2  - 

1.5  ■ 

1 

0.5 

0  •  - - - '  x: 

QgO  10  20  30  .^40  50  60 


-1 

-1.5 


STABILITY  CONDITION  SUMMARY  SHEET 


Load  Condition  200  LT  Cargo 

Case  5  Damage  to  Tanks  43  and  53 


Displacement 

Draft 

VCG 

GM 


290  LT 

4.21  ft  trim  0.31  ft 

9.96  ft  heel  7.62  deg 

4.27  ft 


Damage 


91 

81 

71 

61 

51 

41 

31 

21 

11 

92 

72 

52 

42 

22 

12 

93 

83 

73 

63 

53 

43 

33 

23 

13 

Heel 

Righting 

Stability 

Angle 

Arm 

Area 

Criteria 

7.62 

0 

0 

Equilibrium  heel 

<  1 5  deg 

7.6  OK 

12.62 

0.374 

0.94 

Stability  Range 

>15  deg 

29  OK 

16.51 

0.7 

3.02 

Min.  Freeboard 

>  Oft 

2  OK 

17.62 

0.796 

3.85 

22.62 

1 

8.34 

22.66 

1 

8.38 

27.62 

0.804 

12.9 

32.62 

0.409 

15.9 

36.79 

0 

16.7 

37.62 

-0.086 

16.7 

42.62 

-0.636 

14.9 

-1 


95-11-01  16:50 

BHS  5.14  ACB  40  feet  module 

WEIGHT  and  DISPLACEMENT  STATUS 
Baseline  draft;  1.094.  Heel:  zero 


Part  — 

Total 

Weight . > 

■--Weight(LT)- 

30.00 

---LCG-- 

0.00 

---TCG-- 

0.00 

---VCG 

4.50 

HULL 

SpGr--- 

1.025 

----DispKLT)- 

30.00 

---LCB-- 

0.00 

---TCB-- 

0.00 

---VCB--- 

0.55 

---Ref  Ht 

-1.09 

Righting  Arms: 

0.00 

0.00 

Distances  in  FEET. 


HYDROSTATIC  PROPERTIES 
No  Trim,  No  Heel.  VC6  =  4.50 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft - Weight(LT)----LCB - VCB . Inch - LCF-Deg  trim— -GML - GMT 

1.094  30.00  0.00  0.55  2.29  0.00  61.75  117.9  39.92 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE 


LCG  = 

0.00 

TCG  =  0.00 

VCG  = 

4.50 

Origin 

Degrees  of 

Displacement 

Righting  Arms 

Depth- 

---Trim-- 

--Heel  -- 

---Weight(LT)  - 

--in  Trim 

--in  Heel 

1.094 

0.00 

0.00 

30.00 

0.00 

0.000 

1.090 

0.00 

5.00s 

30.00 

0.00 

3.494s 

0.913 

0.00 

10.00s 

30.00 

0.00 

5.547s 

0.517 

0.00 

15.00s 

30.00 

0.00 

6.243s 

0.004 

0.00 

20.00s 

30.00 

0.00 

6.473s 

-0.255 

0.00 

22.26s 

30.00 

0.00 

6.492s 

-0.587 

0.00 

25.00s 

30.00 

0.00 

6.465s 

-1.232 

0.00 

30.00s 

30.00 

0.00 

■  6.307s 

-1.917 

0.00 

35.00s 

29.99 

0.00 

6.044s 

-2.629 

0.00 

40.00s 

30.00 

0.00 

5.702s 

-3.361 

0.00 

45.00s 

30.00 

0.00 

5.303s 

-4.108 

0.00 

50.00s 

30.00 

0.00 

4.864s 

-4.847 

0.00 

55.00s 

30.00 

0.00 

4.372s 

-5.550 

0.00 

60.00s 

30.00 

0.00 

3.799s 

-6.211 

0.00 

65.00s 

30.00 

0.00 

3.163s 

-6.824 

0.00 

70.00s 

30.00 

0.00 

2.481s 

-7.386 

0.00 

75.00s 

30.00 

0.00 

1.762s 

-7.891 

0.00 

80.00s 

30.00 

0.00 

1.020s 

-8.336 

0.00 

85.00s 

30.00 

0.00 

0.263s 

-8.475 

0.00 

86.72s 

30.00 

0.00 

0.000s 

-8.718 

0.00 

90.00s 

30.00 

0.00 

-0.500s 

Distances  in  FEET. --Specific  Gravity  =  1.025. 


95-11-01  16:50 

BHS  5.14  ACB  40  feet  module 


95-11-01  16;37 
BHS  5.14 
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,  yA.  1  ^ 


ACB  120  feet  module  subdivision  2 


WEIGHT  and  DISPLACEMENT  STATUS 
Baseline  draft:  1.242.  Heel:  zero 


Part . . 

■--Weight(LT)-' 

---LCG-- 

---TCG-- 

---VCG 

Total  Weight - > 

90.00 

0.00 

0.00 

4.50 

SpGr--- 

•---OispKLT)-- 

■--LCB-- 

---TCB-- 

---VCB--- 

■--Ref  Ht 

HULL  1.025 

90.00 

0.00 

0.00 

0.63 

-1.24 

Righting  Arms: 

0.00 

0.00 

Distances  in  FEET. 


HYDROSTATIC  PROPERTIES 
No  Trim.  No  Heel.  VCG  =  4.50 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT) - LCB . VCB . Inch . LCF--Deg  trim - GML - GMT 

1.242  90.00  0.00  0.63  6.13  0.00  1226.33  780.6  35.36 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE 
LCG  =  0.00  TCG  =  0.00  VCG  =  4.50 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Depth--- 

-Trim- 

---Heel -- 

---Weight(LT)-- 

-in  Trim- 

-in  Heel 

-->  Area 

1.242 

0 

.00 

0.00 

90.00 

0.00 

0.000 

0.00 

1.233 

0 

.00 

5.00s 

90.00 

0.00 

3.180s 

5.97 

1.075 

0 

.00 

10.00s 

90.00 

0.00 

5.361s 

27.74 

0.708 

0 

.00 

15.00s 

90.00 

0.00 

6.106s 

57.01 

0.212 

0 

.00 

20.00s 

90.03 

0.00 

6.384s 

88.43 

-0.195 

0 

.00 

23.55s 

90.00 

0.00 

6.430s 

111.24 

-0.372 

0 

.00 

25.00s 

89.97 

0.00 

6.422s 

120.53 

-1.015 

0 

.00 

30.00s 

89.98 

0.00 

6.307s 

152.43 

-1.702 

0 

.00 

35.00s 

89.95 

0.00 

6.080s 

183.44 

-2.418 

0 

.00 

40.00s 

90.00 

0.00 

5.770s 

213.10 

-3.161 

0 

.00 

45.00s 

89.94 

0.00 

5.402s 

241.06 

-3.916 

0 

.00 

50.00s 

90.00 

0.00 

4.988s 

267.05 

-4.653 

0. 

.00 

55.00s 

90.00 

0.00 

4.491s 

290.78 

-5.354 

0. 

.00 

60.00s 

90.00 

0.00 

3.915s 

311.83 

-6.015 

0. 

.00 

65.00s 

90.00 

0.00 

3.278s 

329.84 

-6.630 

0. 

.00 

70.00s 

90.00 

0.00 

2.595s 

344.54 

-7.195 

0. 

.00 

75.00s 

90.00 

0.00 

1.876s 

355.73 

-7.705 

0. 

,00 

80.00s 

90.00 

0.00 

1 . 133s 

363.27 

-8.156 

0. 

.00 

85.00s 

90.00 

0.00 

0.375s 

367.05 

-8.355 

0. 

.00 

87.46s 

90.00 

0.00 

0.000s 

367.51 

-8.545 

0. 

,00 

90.00s 

90.00 

0.00 

-0.388s 

367.02 

Distances 

in  FEET. ---Specific  Gravity  = 

1.025.-- 

--Area  in 

Ft-Deg. 
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BHS  5.14  ACB  120  feet  module  subdivision  2  ACB120_2 

*  CASE  0  * 

*  INTACT  STABILITY  * 


WEIGHT  and  DISPLACEMENT  STATUS 


Baseline  draft;  3.875.  Heel:  zero 

Part . 

■--Weight(LT) — LCG- 

. TCG-- 

---VCG 

LIGHT  SHIP 

90.00  0.00 

0.00 

4.50 

CARGO 

200.00  0.00 

0.00 

12.42 

Total  Weight- 

- > 

290.00  0.00 

0.00 

9.96 

SpGr — 

- Displ  (LT) - LCB- 

. TCB-- 

---VCB--- 

---Ref  Ht 

HULL 

1.025 

290.03  0.00 

0.00 

1.98 

-3.88 

Distances  in  FI 

Righting  Arms: 

:rT  _ 

0.00 

0.00 

_LI  . - 

Baseline  draft:  3.875.  Heel;  zero 

Critical  Points- . - 

- Long.- 

-Trans.- 

--Vert.--- 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00P 

8.00 

4.12 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

4.12 

(3)  DECK  CORNER  PB 

60.00f 

12.00P 

8.00 

4.12 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

4.12 

HYDROSTATIC  PROPERTIES 
No  Trim,  No  Heel.  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft - Weight(LT) - LCB - VCB - Inch - LCF — IN  trim - GML . GMT 

3.875  290.03  0.00  1.98  6.53  0.00  57.69  286.4  4.99 

Distances  in  FEET. . Specific  Gravity  =  1.025. . . Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 


95-11-01  10:16 


BHS  5.14 

ACB 

120  feet  module 

subdivision  2 

RIGHTING  ARMS  vs 

HEEL  ANGLE 

LCG  = 

0.00  TCG  =  0 

.00 

VCG  =  9 

96 

Origin 

Degrees  of 

Displacement 

Righting  Arms 

Depth--- 

-Trim-- 

--Heel  -- 

---Weight(LT)---in  Trim 

--in  Heel 

-->  Area 

3.875 

0.00 

0.00 

290.03 

0.00 

0.000 

0.00 

3.866 

0.00 

5.00s 

290.00 

0.00 

0.504s 

0.94 

3.782 

0.00 

10.00s 

290.00 

0.00 

0.982s 

4.67 

3.690 

0.00 

15.00s 

290.00 

0.00 

1.459s 

10.77 

3.573 

0.00 

19.37s 

290.06 

0.00 

1.906s 

18.11 

3.549 

0.00 

20.00s 

290.06 

0.00 

1.951s 

19.33 

3.442 

0.00 

22.66s 

290.00 

0.00 

2.020s 

24.61 

3.342 

0.00 

25.00s 

290.01 

0.00 

1.966s 

29.27 

3.110 

0.00 

30.00s 

290.00 

0.00 

1.640s 

38.41 

2.854 

0.00 

35.00s 

290.00 

0.00 

1 . 146s 

•  45.44 

2.577 

0.00 

40.00s 

290.00 

0.00 

0.560s 

49.75 

2.318 

0.00 

44.39s 

290.05 

0.00 

0.000s 

50.99 

2.280 

0.00 

45.00s 

290.02 

0.00 

-0.080s 

50.97 

1.965 

0.00 

50.00s 

290.00 

0.00 

-0.749s 

48.91 

1.636 

0.00 

55.00s 

290.00 

0.00 

-1.433s 

43.46 

1.294 

0.00 

60.00s 

290.00 

0.00 

-2.120s 

34.58 

0.942 

0.00 

65.00s 

290.00 

0.00 

-2.800s 

22.27 

0.584 

0.00 

70.00s 

290.00 

0.00 

-3.466s 

6.60 

0.220 

0.00 

75.00s 

290.00 

0.00 

-4.110s 

-12.35 

-0.145 

0.00 

80.00s 

290.00 

0.00 

-4.725s 

-34.45 

-0.508 

0.00 

85.00s 

290.00 

0.00 

-5.306s 

-59.54 

-0.867 

0.00 

90.00s 

290.04 

0.00 

-5.848s 

-87.44 

Distances 

in  FEET. . 

-Specific  Gravity 

=  1.025. . 

. Area 

Critical  Points . Long. -  -Trans. ---Vert. 

(1)  DECK  CORNER  PS  60.00a  12.00p  8.00 

(2)  DECK  CORNER  SS  60.00a  12.00s  8.00 
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Critical 
-Height 
4.12(1) 
3.60(2) 
2.01(2) 
0.93(2) 
-0.01(2) 
-0.14(2) 
-0.68(2) 
-1.16(2) 
-2.18(2) 
-3.18(2) 
-4.16(2) 
-5.00(2) 
-5.11(2) 
-6.02(2) 
-6.88(2) 
-7.69(2) 
-8.44(2) 
-9.12(2) 
-9.74(2) 
-10.28(2) 
-10.75(2) 
-11.13(2) 
in  Ft -Deg. 
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*  CASE  1  * 

*  DAMAGE  TO  TANK  12  AND  13  * 


WEIGHT  and  DISPLACEMENT  STATUS 

Baseline  draft:  4.203  0  Origin.  Trim:  Fwd  1.89/120.00.  Heel:  Stbd  3.67  deg. 


Part . . 

---Weight(LT) 

----LCG--- 

--TCG--- 

---VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

0.00 

12.42 

Total  Weight . > 

290.00 

0.00 

0.00 

9.96 

SpGr--- 

----DispKLT)- 

.---LCB---- 

--TCB--- 

■--VC8--- 

--Ref  Ht 

HULL 

1.025 

317.55 

4.45f 

0.84s 

2.22 

-4.19 

TANK12.C  Flooded 

1.025 

-12.89 

49.96f 

0.18s 

2.81 

-4.19 

TANK13.S  Flooded 

1.025 

-14.66 

50.17f 

8.22s 

3.12 

-4.19 

Total  Displacement--> 

1.025 

290.00 

O.llf 

0.50s 

2.15 

Righting  Arms: 

0.01a 

0.00s 

U1  S LumCcS  in  rt-tl.”"  * 

Baseline  draft;  4.203  0  Origin. 

Trim;  Fwd  1 

.89/120.00 

.  Heel : 

:  Stbd  3.67  deg. 

Critical  Points . 

. Long. - 

-Trans. -- 

-Vert. 

•--Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

5.50 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

3.97 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

3.61 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

2.08 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  1.89/120.00.  Heel:  Stbd  3.67  deg..  VCG  =  9.96 


LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT)----LCB . VCB . Inch . LCF---IN  trim----GML . GMT 

4.148  290.00  O.llf  2.15  6.02  3.50a  45.79  227.4  4.30 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 
LCG  =  0.00  TCG  =  0.00  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Critical 

Depth--- 

-Trim-- 

--Heel -- 

---Weight(LT)- 

--in  Trim-- 

in  Heel 

-->  Area 

--Height 

4.194 

0.90f 

3.67s 

290.00 

0.01a 

0.000s 

0.00 

2.08(4) 

4.193 

1.04f 

8.67s 

290.00 

0.00 

0.365s 

0.68 

1.45(4) 

4,159 

1.13f 

12.04s 

290.00 

0.00 

0,637s 

2.37 

-0.02(4) 

4.139 

1.17f 

13.67s 

290.00 

0.00 

0.776s 

3.52 

-0.43(4) 

4.078 

1.35f 

18.67s 

290.00 

0.00 

1 . 134s 

8.30 

-1.75(4) 

4.044 

1.55f 

21.63s 

290.05 

0.00 

1.195s 

11.78 

-2.65(4) 

4.018 

1.71f 

23.67s 

290.00 

0.00 

1 . 164s 

14.18 

-3.30(4) 

3.942 

2.14f 

28.67s 

289.95 

0.00 

0.893s 

19.45 

-4.93(4) 

3.843 

2.58f 

33.67s 

290.05 

0.00 

0.447s 

22.87 

-6.54(4) 

3.734 

2.93f 

37.88s 

290.05 

0.01a 

0.000s 

23.84 

-7.85(4) 

3.711 

S.OOf 

38.67s 

290.00 

0.00 

-0.088s 

23.80 

-8.10(4) 

3.552 

3.39f 

43.67s 

290.05 

0.00 

-0,675s 

21.92 

-9.60(4) 

3.363 

3.75f 

48.67s 

290.06 

0.00 

-1.286s 

17.03 

-11.01(4) 

3.147 

4.08f 

53.67s 

290.04 

0.00 

-1.905s 

9.06 

-12.33(4) 

2.902 

4.37f 

58.67s 

290.00 

0.00 

-2.522s 

-2.01 

-13.54(4) 

2.636 

4.60f 

63.67s 

290.05 

0.00 

-3.128s 

-16.14 

-14.63(4) 

2.343 

4.79f 

68.67s 

289.98 

0.00 

-3.714s 

-33.26 

-15.59(4) 

2.034 

4.93f 

73.67s 

290.00 

0.00 

-4.277s 

-53.24 

-16.42(4) 

1.708 

5.02f 

78.67s 

290.00 

0.00 

-4.811s 

-75.98 

-17.12(4) 

1.369 

5.07f 

83.67s 

290.00 

0.00 

-5.310s 

-101.29 

-17.68(4) 

1.022 

5.07f 

88.67s 

290.05 

0.01a 

-5.771s 

-129.01 

-18.09(4) 

0.662 

5.04f 

93.67s 

289.98 

0.00 

-6.188s 

-158.92 

-18.37(4) 

Distances 

in  FEET. - 

-Specific  Gravity  =  1.025 

- Area 

in  Ft-Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long. --Trans. ---Vert. 
eO.OOf  12.00s  8.00 
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*  CASE  2  * 

*  DAMAGE  TO  TANK  23  AND  13  * 

ici^icicic'k'kirif'ki^ic-k-hicic-kiric'^r^ic-k'k'k'k'k'k-k-k-k'k'k-kicicicic’k'kic'k'k'k^'k-k’k 


WEIGHT  and  DISPLACEMENT  STATUS 

Baseline  draft:  4.181  @  Origin.  Trim:  Fwd  1.69/120.00.  Heel:  Stbd  7.20  deg. 


Part . 

•--Weight(LT)- 

.---LCG---- 

--TCG--- 

---VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

0.00 

12.42 

Total  Weight . > 

290.00 

0.00 

0.00 

9.96 

SpGr--- 

•---DispKLT)- 

.---LCB---- 

--TCB--- 

..-VCB--- 

---Ref  Ht 

HULL 

1.025 

316.36 

3.95f 

1.58s 

2.28 

-4.15 

TANK13.S  Flooded 

1.025 

-15.99 

50.29f 

8.24s 

3.35 

-4.15 

TANK23.S  Flooded 

1.025 

-10.37 

40.01f 

8.12s 

2.89 

-4.15 

Total  Displacement--> 

1.025 

290.00 

O.llf 

0.98s 

2.20 

Righting 

Arms: 

0.00 

-0.00s 

D1  stdncGS  in  FEET. - - 

Baseline  draft:  4.181  @  Origin. 

Trim:  Fwd  1. 

.69/120.00 

.  Heel : 

:  Stbd  7. 

.20  deg. 

Critical  Points . 

. Long. - 

-Trans. -- 

-Vert. --• 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

6.13 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

3.13 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

4.45 

(4)  DECK  CORNER  SB 

eo.oof 

12.00s 

8.00 

1.44 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  1.69/120.00.  Heel:  Stbd  7.20  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT) - LCB . VCB . Inch . LCF---IN  trim - GML . GMT 

4.148  290.00  O.llf  2.20  6.17  2.29a  50.31  249.8  4.10 

Distances  in  FEET, . Specific  Gravity  =  1.025. . Moment  in  Ft-LT, 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 
LCG  =  0.00  TCG  =  0.00  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Critical 

Depth--- 

-Trim-- 

--Heel-- 

---Weight(LT)- 

--in  Trim-- 

in  Heel 

-->  Area 

--Height 

4.147 

0.80f 

7.20s 

290.00 

0.00 

-0.001s 

0.00 

1.44(4) 

4.142 

0.97f 

12.20s 

290.00 

0.00 

0.353s 

0.65 

0.79(4) 

4.119 

l.OOf 

13.12s 

290.00 

0.00 

0.424s 

1.01 

-0.10(4) 

4.074 

1.12f 

17.20s 

290.00 

0.00 

0.733s 

3.36 

-1.15(4) 

4.004 

1.38f 

22.20s 

290.00 

0.00 

0.902s 

7.51 

-2.58(4) 

3.904 

1.69f 

27.20s 

290.00 

0.00 

0.749s 

11.77 

-4.05(4) 

3.771 

1.99f 

32.20s 

290.01 

0.00 

0.384s 

14.68 

-5.48(4) 

3.643 

2.21f 

36.22s 

290.00 

0.01a 

0.001s 

15.49 

-6.60(4) 

3.610 

2.27f 

37.20s 

290.03 

0.00 

-0.100s 

15.44 

-6.87(4) 

3.420 

2.53f 

42.20s 

289.99 

0.00 

-0.648s 

13.60 

-8.20(4) 

3.204 

2.78f 

47.20s 

289.99 

0.00 

-1.229s 

8.92 

-9.48(4) 

Distances 

in  FEET. . 

-Specific  Gravity  =  1.025 

- Area 

in  Ft -Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long. --Trans. ---Vert. 
60.00f  12.00s  8.00 


95-11-0110:16  Page  7 

BHS  5,14  ACB  120  feet  module  subdivision  2  ACB120_2 

*  CASE  3  * 

*  DAMAGE  TO  TANK  23  AND  33  * 

icicicic'kiir'kicicicicici^icic’kic'k'kiicic'k'k'kic'k-k'k-k'k-k'k'k-k'k'k'k'k-k'k'k-k-kir-k-k-k'k 


WEIGHT  and  DISPLACEMENT  STATUS 


Baseline  draft;  4.243  @  Origin. 

Part . 

LIGHT  SHIP 
CARGO 

Total  Weight - > 


SpGr 

HULL  1.025 

TANK23.S  Flooded  1.025 

TANK33.S  Flooded  1.025 

Total  Displacement-->  1.025 


Righting  Arms; 

Distances  in  FEET. . . . 

Baseline  draft:  4.243  @  Origin. 


Trim;  Fwd  1.39/120.00.  Heel:  Stbd  8.50  deg. 


--Weight(LT)- 

---LCD--- 

---TCG--- 

---VCG 

90.00 

0.00 

0.00 

4.50 

200.00 

0.00 

0.00 

12.42 

290.00 

0.00 

0.00 

9.96 

---DispKLT)- 

---LCB--- 

---TCB--- 

---VCB--- 

--Ref  Ht 

321.43 

3.22f 

1.83s 

2.34 

-4.20 

-10.64 

40.01f 

8.13s 

2.96 

-4.20 

-20.77 

28.04f 

8.14s 

2.89 

-4.20 

290.01 

0.09f 

1.15s 

2.27 

0.00 

0.00s 

Trim;  Fwd  1.39/120.00.  Heel:  Stbd  8.50  deg. 


Critical  Points . 

. Long. - 

-Trans . - 

--Vert. --■ 

■  --Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

6.19 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

2.64 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

4.79 

(4)  DECK  CORNER  SB 

eo.oof 

12.00s 

8.00 

1.24 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim;  Fwd  1.39/120.00.  Heel;  Stbd  8.50  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT)----LCB . VCB . Inch . LCF- --IN  trim----GML . GMT 

4.227  290.01  0.09f  2.27  6.19  1.38a  55.50  275.6  4.30 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  IS  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 
LCG  =  0,00  TCG  =  0.00  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Critical 

Depth--- 

-Tnm-  - 

--Heel  -- 

---Weight(LT)- 

--in  Trim-- 

in  Heel 

-->  Area 

--Height 

4.196 

0.66f 

8.50s 

290.01 

0.00 

0.000s 

0.00 

1.24(4) 

4.183 

0.76f 

13.50s 

290.00 

0.00 

0.381s 

0.71 

0.63(4) 

4.154 

0.77f 

14.09s 

290.00 

0.00 

0,428s 

0.95 

-0.13(4) 

4.106 

0.88f 

18.50s 

290.00 

0.00 

0.755s 

3.56 

-1.25(4) 

4.067 

1.06f 

22.20s 

290.03 

O.Olf 

0.860s 

6.58 

-2.30(4) 

4.052 

1.13f 

23.50s 

290.05 

0.00 

0.847s 

7.69 

-2.68(4) 

3.969 

1.38f 

28.50s 

289.97 

0.00 

0.621s 

11.36 

-4.11(4) 

3.847 

1.62f 

33.50s 

290.01 

0.00 

0.221s 

13.54 

-5.49(4) 

3.779 

1.71f 

35.82s 

290.00 

0.01a 

0.001s 

13.80 

-6.11(4) 

3.693 

1.83f 

38.50s 

290.00 

0.00 

-0.275s 

13.44 

-6.82(4) 

3.510 

2.04f 

43.50s 

290.00 

0.00 

-0.826s 

10.71 

-8.10(4) 

3.301 

2.23f 

48.50s 

290.00 

0.00 

-1.406s 

5.14 

-9.32(4) 

3.067 

2.40f 

53.50s 

290.00 

0.00 

-1.997s 

-3.36 

-10.46(4) 

2.809 

2.55f 

58.50s 

290.00 

0.00 

-2.587s 

-14.82 

-11.52(4) 

2.530 

2.68f 

63.50s 

290.00 

0.00 

-3.168s 

-29.21 

-12.50(4) 

2.232 

2.78f 

68.50s 

290.00 

0.00 

-3.732s 

-46.47 

-13.37(4) 

1.918 

2.86f 

73.50s 

290.00 

0.00 

-4.273s 

-66.49 

-14.14(4) 

1.588 

2.92f 

78.50s 

290.00 

0.00 

-4.784s 

-89.15 

-14.79(4) 

1.247 

2.95f 

83.50s 

290.00 

0.00 

-5.262s 

-114.28 

-15.34(4) 

0.898 

2.95f 

88.50s 

290.06 

0.01a 

-5.701s 

-141.70 

-15.75(4) 

0.538 

2.93f 

93.50s 

289.99 

0.00 

-6.096s 

-171.21 

-16.06(4) 

0.177 

2.89f 

98.50s 

290.00 

0.00 

-6.445s 

-202.59 

-16.23(4) 

Distances 

in  FEET. . 

-Specific  Gravity  =  1.025 

. Area 

in  Ft-Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long . - -Trans . -  - -Vert . 
eO.OOf  12.00s  8.00 
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***★*•*•★★★**•*•**★'*■*•*'*'***★★****★****★★************* 

*  CASE  4  * 

*  DAMAGE  TO  TANK  33  AND  43  * 

************************************************ 


WEIGHT  and  DISPLACEMENT  STATUS 


Baseline  draft; 

4.415  @  Origin. 

Trim:  Fwd  1. 

28/120.00. 

Heel ; 

Stbd  12. 

,33  deg. 

Part . . 

— Weight(LT) 

---LCG--- 

--TCG--- 

--VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

0.00 

12.42 

Total  Weight- 

- > 

290.00 

0.00 

0.00 

9.96 

SpGr-- 

. DispKLT) 

----LCB--- 

--TCB--- 

--VCB--- 

---Ref  Ht 

HULL 

1.025 

335.98 

2.83f 

2.53s 

2.57 

-4.31 

TANK33.S 

Flooded 

1.025 

-23.30 

28.04f 

8.18s 

3.25 

-4.31 

TANK43.S 

Flooded 

1.025 

-22.67 

12.04f 

8.19s 

3.17 

-4.31 

Total  Displacement--> 

1.025 

290.01 

0.08f 

1.64s 

2.47 

Righting 

Arms; 

0.00 

0.00s 

Distances  in  FEET. 


Baseline  draft:  4.415  @  Origin.  Trim:  Fwd  1.28/120.00.  Heel:  Stbd  12.33  deg. 


Critical  Points . . 

. Long.- 

-Trans. - 

--Vert. --■ 

■--Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

6.70 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

1.58 

(3)  DECK  CORNER  PB 

60.00f 

12.00P 

8.00 

5.43 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

0.30 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  1.28/120.00.  Heel:  Stbd  12.33  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT) - LCB . VCB - Inch . LCF--- IN  trim - GML . GMT 

4.401  290.01  0.08f  2.47  6.11  1.23a  57.88  287.4  4.31 

Distances  in  FEET. . Specific  Gravity  =  1.025.-- . ----Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 


95-11-01  10:16 
BHS  5.14 


ACB  120  feet  module  subdivision  2 


Page  10 
ACB120  2 


RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 
LCG  =  0.00  TCG  =  0.00  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting 

Arms 

Critical 

Depth--- 

-Trim-- 

---Heel -- 

---Weight(LT)---in  Trim-- 

in  Heel 

-->  Area 

--Height 

4.313 

0.61f 

12.33s 

290.01 

0.00 

0.001s 

0.00 

0.30(4) 

4.293 

0.65f 

14.91s 

289.94 

O.Olf 

0.188s 

0.01 

-0.33(4) 

4.277 

0.70f 

17.33s 

290.01 

0.00 

0.350s 

0.67 

-0.95(4) 

4.265 

0.89f 

22.33s 

290.00 

0.00 

0.504s 

2.89 

-2.35(4) 

4.242 

l.lOf 

27.33s 

289.98 

0.00 

0.338s 

5.12 

-3.80(4) 

4.179 

1.29f 

32.12s 

290.03 

0.00 

0.000s 

6.00 

-5.14(4) 

4.175 

1.30f 

32.33s 

290.00 

0.00 

-0.018s 

6.00 

-5.19(4) 

4.067 

1.48f 

37.33s 

290.01 

0.00 

-0.475s 

4.81 

-6.54(4) 

3.928 

1.66f 

42.33s 

290.00 

0.00 

-0.993s 

1.16 

-7.83(4) 

3.760 

1.82f 

47.33s 

290.00 

0.00 

-1.542s 

-5.16 

-9.06(4) 

3.562 

1.96f 

52.33s 

290.00 

0.00 

-2.104s 

-14.27 

-10.22(4) 

3.338 

2.09f 

57.33s 

290.00 

0.00 

-2.666s 

-26.19 

-11.30(4) 

3.088 

2.20f 

62.33s 

290.00 

0.00 

-3.219s 

-40.91 

-12.30(4) 

2.815 

2.29f 

67.33s 

290.00 

0.00 

-3.755s 

-58.35 

-13.20(4) 

2.520 

2.36f 

72.33s 

290.00 

0.00 

-4.269s 

-78.42 

-13.99(4) 

2.206 

2.41f 

77.33s 

290.00 

0.00 

-4.753s 

-100.99 

-14.68(4) 

1.876 

2.44f 

82.33s 

290.00 

0.00 

-5.204s 

-125.89 

-15.25(4) 

1.531 

2.45f 

87.33s 

290.00 

0.00 

-5.617s 

-152.96 

-15.70(4) 

1.175 

2.44f 

92.33s 

290.00 

0.00 

-5.988s 

-181.99 

-16.03(4) 

0.810 

2.41f 

97.33s 

290.00 

0.00 

-6.313s 

-212.76 

-16.24(4) 

0.438 

2.35f 

102.33s 

290.00 

0.00 

-6.588s 

-245.04 

-16.32(4) 

Distances 

in  FEET. . 

-Specific  Gravity 

=  1.025 

. Area 

in  Ft -Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long. --Trans . ---Vert. 
60.00f  12.00s  8.00 
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*  CASE  5 

*  DAMAGE  TO  TANK  43  AND  53  * 

iric'kic'kicic'k-kic'k-k'k'k'k-kic’k'kr'k'k'k-k-k'k-k-fr'kr-k'k'k-k-k-k-k'k-k’k’k'k'k'k'kic'k'k'k-k 


WEIGHT  and  DISPLACEMENT  STATUS 


Baseline  draft:  4.214  0  Origin. 

Trim:  Fwd  0 

.31/120.00 

.  Heel : 

;  Stbd  7 

.62  deg. 

Part . 

■--Weight(LT)- 

----LCG---- 

■-TCG--- 

---VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

0.00 

12.42 

Total  Weight . > 

290.00 

0.00 

0.00 

9.96 

SpGr--- 

----DispKLT)- 

----LCB---' 

--TCB--- 

...VCB--- 

---Ref  Ht 

HULL  1.025 

318.66 

0.74f 

1.67s 

2.28 

-4.18 

TANK43.S  Flooded  1.025 

-19.14 

12.01f 

8.13s 

2.67 

-4.18 

TANK53.S  Flooded  1.025 

-9.52 

0.00 

8.13s 

2.65 

-4.18 

Total  Displacement-->  1.025 

290.00 

0.02f 

1.03s 

2.24 

Righting  Arms: 

0.00 

0.00s 

Distances  in  FEET. . . . - . 

Baseline  draft:  4.214  @  Origin,  Trim:  Fwd  0.31/120.00,  Heel:  Stbd  7.62  deg. 


Critical  Points . 

. Long. - 

-Trans.- 

--Vert. 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

5.50 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

2.32 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

5.19 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

2.01 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  0.31/120.00.  Heel:  Stbd  7.62  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT) - LCB . VCB . Inch . LCF- --IN  trim----GML . GMT 

4.213  290.00  0.02f  2.24  6.17  0.38a  59.04  293.2  4.27 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 
LCG  =  0.00  TCG  =  0.00  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Depth--- 

-Trim-- 

--Heel-- 

---Weight(LT)---in  Trim-- 

•in  Heel 

-->  Area 

4.177 

0.15f 

7.62s 

290.00 

0.00 

0.001s 

0.00 

4.166 

0.18f 

12.62s 

290.00 

0.00 

0.374s 

0.70 

4.097 

0.19f 

16.51s 

290.00 

O.Olf 

0.700s 

2.78 

4.080 

0.20f 

17.62s 

290.01 

0.00 

0.796s 

3.61 

4.038 

0.26f 

22.62s 

290.04 

0.00 

1.000s 

8.15 

4.037 

0.26f 

22.66s 

290.01 

0.00 

1.000s 

8.20 

3.971 

0.33f 

27.62s 

290.02 

0.00 

0.804s 

12.83 

3.866 

0.39f 

32.62s 

290.01 

0.00 

0.409s 

15.94 

3.750 

0.44f 

36.79s 

290.00 

0.00 

0.000s 

16.82 

3.724 

0.45f 

37.62s 

290.02 

0.00 

-0.086s 

16.78 

3.547 

0.50f 

42.62s 

290.00 

0.00 

-0.636s 

15.00 

3.342 

0.55f 

47.62s 

290.00 

0.00 

-1.219s 

10.38 

3.113 

0.59f 

52.62s 

290.00 

0.00 

-1.818s 

2.79 

2.859 

0.63f 

57.62s 

290.00 

0.00 

-2.418s 

-7.80 

2.584 

0.67f 

62.62s 

290.00 

0.00 

-3.012s 

-21.37 

2.289 

0.69f 

67.62s 

290.00 

0.00 

-3.590s 

-37.88 

1.977 

0.71f 

72.62s 

290.00 

0.00 

-4.146s 

-57.23 

1.650 

0.73f 

77.62s 

290.00 

0.00 

-4.675s 

-79.30 

1.310 

0.74f 

82.62s 

290.00 

0.00 

-5.170s 

-103.93 

0.960 

0.74f 

87.62s 

290.00 

0.00 

-5.628s 

-130.94 

0.603 

0.74f 

92.62s 

290.00 

0.00 

-6.042s 

-160.13 

0.241 

0.73f 

97.62s 

290.00 

0.00 

-6.411s 

-191.28 

Distances 

in  FEET. . - 

-Specific  Gravity 

=  1.025 

- Area 

Page  12 
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Critical 
--Height 
2.01(4) 
1.43(4) 
-0.04(4) 
-0.29(4) 
-1.54(4) 
-1.55(4) 
-2.79(4) 
-4.01(4) 
-4.99(4) 
-5.18(4) 
-6.31(4) 
-7.39(4) 
-8.41(4) 
-9.37(4) 
-10.26(4) 
-11.06(4) 
-11.79(4) 
-12.42(4) 
-12.95(4) 
-13.39(4) 
-13.73(4) 
-13.95(4) 
in  Ft -Deg. 


Critical  Point 
(4)  DECK  CORNER  SB 


-Long. --Trans. ---Vert. 
60.00f  12.00s  8.00 


/  rx  /  Jc:>  C'  hy-//  s- 
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*  CASE  0  * 

*  INTACT  STABILITY  * 


WEIGHT  and  DISPLACEMENT  STATUS 
Baseline  draft:  3.857,  Heel:  Stbd  6.90  deg. 


Part . Weight(LT)- 

LIGHT  SHIP  90.00 

CARGO  200.00 

Total  Weight . >  290.00 

---LCG-- 

0.00 

0.00 

0.00 

--TCG--' 

0.00 

1.00s 

0.69s 

---VCG 

4.50 

12.42 

9.96 

SpGr . DispKLT)- 

HULL  1.025  290.00 

---LCB-- 

0.00 

---TCB--- 

1.64s 

...VCB--- 

2.08 

•--Ref  Ht 
-3.83 

Righting  Arms: 

Distances  in  FEET. . 

0.00 

0.00s 

Baseline  draft:  3.857,  Heel: 

Stbd  6.90  deg. 

Critical  Points - 

- Long.- 

-Trans.- 

--Vert.--- 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00P 

8.00 

5.55 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

2.67 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

5.55 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

2.67 

HYDROSTATIC  PROPERTIES 
No  Trim.  Heel:  Stbd  6.90  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT)----LCB . VCB - Inch . LCF---IN  trim - GML . GMT 

3.857  290.00  0.00  2.08  6.57  0.00  58.07  288.4  5.20 

Distances  in  FEET, . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE 


LCG  =  0.00  TCG  =  0.69s  VC6  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Critical 

Depth — 

-Trim-- 

--Heel -- 

---Weight(LT)- 

-'-in  Trim-- 

in  Heel 

-->  Area 

--Height 

3.829 

0.00 

6.90s 

290.00 

0.00 

0.000s 

0.00 

2.67(2) 

3.793 

0.00 

11.90s 

290.01 

0.00 

0.481s 

0.90 

2.14(2) 

3.646 

0.00 

16.90s 

290.00 

0.00 

l.OOOs 

4.59 

0.52(2) 

3.572 

0.00 

19.39s 

289.98 

0.00 

1.258s 

7.40 

-0.01(2) 

3.474 

0.00 

21.90s 

290.05 

0.00 

1.376s 

10.72 

-0.53(2) 

3.436 

0.00 

22.80s 

290.00 

0.00 

1.383s 

11.97 

-0.71(2) 

3.257 

0.00 

26.90s 

290.00 

0.00 

1.255s 

17.46 

-1.55(2) 

3.015 

0.00 

31.90s 

290.00 

0.00 

0.882s 

22.90 

-2.56(2) 

2.751 

0.00 

36.90s 

290.00 

0.00 

0.381s 

26.11 

-3.56(2) 

2.561 

0.00 

40.27s 

290.00 

0.00 

O.OOOs 

26.76 

-4.21(2) 

2.466 

0.00 

41.90s 

290.00 

0.00 

-0.191s 

26.61 

-4.52(2) 

2.162 

0.00 

46.90s 

290.00 

0.00 

-0.802s 

24.14 

-5.46(2) 

1.842 

0.00 

51.90s 

290.00 

0.00 

-1.434s 

18.56 

-6.35(2) 

1.507 

0.00 

56.90s 

290.00 

0.00 

-2.071s 

9.80 

-7.19(2) 

1.162 

0.00 

61.90s 

290.00 

0.00 

-2.705s 

-2.14 

-7.98(2) 

0.807 

0.00 

66.90s 

290.00 

0.00 

-3.326s 

-17.22 

-8.71(2) 

0.446 

0.00 

71.90s 

290.00 

0.00 

-3.927s 

-35.36 

-9.37(2) 

0.082 

0.00 

76.90s 

290.00 

0.00 

-4.503s 

-56.45 

-9.96(2) 

-0.283 

0.00 

81.90s 

290.00 

0.00 

-5.047s 

-80.33 

-10.47(2) 

-0.646 

0.00 

86.90s 

290.00 

0.00 

-5.554s 

-106.85 

-10.90(2) 

-1.003 

0.00 

91.90s 

290.01 

0.00 

-6.019s 

-135.81 

-11.26(2) 

-1.354 

0.00 

96.90s 

290.00 

0.00 

-6.438s 

-166.97 

-11.52(2) 

Distances 

in  FEET. . 

-Specific  Gravity  =  1.025. . 

. Area 

in  Ft-Deg. 

Critical  Point . Long. --Trans. ---Vert. 

(2)  DECK  CORNER  SS  60.00a  12.00s  8.00 
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*  CASE  1  * 

*  DAMAGE  TO  TANK  12  AND  13  * 

************************************************ 


WEIGHT  and  DISPLACEMENT  STATUS 

Baseline  draft:  4.255  @  Origin.  Trim:  Fwd  2.39/120.00.  Heel:  Stbd  12.48  deg. 


Part . - . 

— Weight(LT)- 

---LCG--- 

--TCG--- 

--VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

1.00s 

12.42 

Total  Weight . > 

290.00 

0.00 

0.69s 

9.96 

SpGr-- 

- DispKLT)- 

--LCB--- 

--TCB--- 

--VCB . 

Ref  Ht 

HULL  1.025 

324.09 

5.43f 

2.64s 

2.54 

-4.15 

TANK12.C  Flooded  1.025 

-13.99 

50.17f 

0.40s 

3.05 

-4.15 

TANK13.S  Flooded  1.025 

-20.11 

50.64f 

8.24s 

4.02 

-4.15 

Total  Displacement-->  1.025 

290.00 

0.14f 

2.36s 

2.42 

Righting  Arms: 

0.01a 

0.00s 

Distances  in  FEET. 

Baseline  draft:  4.255  @  Origin. 

Trim:  Fwd  2.39/120.00. 

Heel : 

Stbd  12.48  deg. 

Critical  Points . 

. Long.- 

-Trans. -- 

-Vert.-- 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

7.44 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

2.26 

(3)  DECK  CORNER  PB 

eo.oof 

12.00p 

8.00 

5.06 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

-0.13 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  2.39/120.00.  Heel:  Stbd  12.48  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT)----LCB . VCB - Inch - LCF---IN  trim----GML - GMT 

4.183  290.00  0.14f  2.42  6.13  3.55a  46.33  230.1  5.15 

Distances  in  FEET. . Specific  Gravity  =  1.025. - Moment  in  Ft-LT. 

Trim  IS  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 
LCG  =  0.00  TCG  =  0.69s  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Critical 

Depth--- 

-Trim-- 

--Heel -- 

---Weight(LT)- 

--in  Trim-- 

in  Heel 

-->  Area 

--Height 

4.154 

1.14f 

12.48s 

290.00 

0.00 

0.001s 

0.00 

-0.13(4) 

4.123 

1.29f 

17.48s 

290.00 

0.00 

0.414s 

0.80 

-0.76(4) 

4.033 

1.61f 

22.48s 

290.01 

0.00 

0.552s 

3.33 

-2.92(4) 

3.962 

2.04f 

27.48s 

289.97 

0.00 

0.366s 

5.77 

-4.53(4) 

3.873 

2.45f 

32.30s 

290.04 

0.01a 

0.000s 

6.72 

-6.09(4) 

3.868 

2.47f 

32.48s 

290.00 

0.00 

-0.016s 

6.72 

-6.15(4) 

3.745 

2.89f 

37.48s 

290.05 

0.00 

-0.501s 

5.47 

-7.72(4) 

3.591 

3.29f 

42.48s 

290.00 

0.00 

-1.038s 

1.65 

-9.23(4) 

3.409 

3.65f 

47.48s 

290.00 

0.00 

-1.601s 

-4.94 

-10.66(4) 

3.199 

3.99f 

52.48s 

290.00 

0.00 

-2.174s- 

-14.37 

-12.00(4) 

2.962 

4.28f 

57.48s 

290.00 

0.00 

-2.743s 

-26.67 

-13.24(4) 

2.702 

4.52f 

62.48s 

290.05 

0.00 

-3.300s 

-41.78 

-14.36(4) 

2.414 

4.72f 

67.48s 

289.97 

0.00 

-3.838s 

-59.63 

-15.34(4) 

2.109 

4.87f 

72.48s 

289.99 

0.00 

-4.351s 

-80.12 

-16.20(4) 

1.787 

4.97f 

77.48s 

290.00 

0.00 

-4.835s 

-103.09 

-16.93(4) 

1.451 

5.03f 

82.48s 

290.00 

0.00 

-5.284s 

-128.40 

-17.52(4) 

1.104 

5.04f 

87.48s 

290.00 

0.00 

-5.695s 

-155.87 

-17.97(4) 

0.748 

5.02f 

92.48s 

290.00 

0.00 

-6.064s 

-185.28 

-18.28(4) 

0.387 

4.95f 

97.48s 

290.00 

0.00 

-6.387s 

-216.43 

-18.45(4) 

0.022 

4.84f 

102.48s 

289.98 

0.00 

-6.662s 

-249.07 

-18.48(4) 

Distances 

in  FEET.- . 

-Specific  Gravity  =  1.025. - 

- Area 

in  Ft-Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long . - -T cans . -  - -Vert . 
60.00f  12.00s  8.00 
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*  CASE  2  * 

*  DAMAGE  TO  TANK  23  AND  13  * 


WEIGHT  and  DISPLACEMENT  STATUS 

Baseline  draft;  4.256  0  Origin.  Trim:  Fwd  2.27/120.00.  Heel:  Stbd  16.20  deg. 


Part . . 

— Weight(LT) 

----LCG--- 

--TCG--- 

--VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

1.00s 

12.42 

Total  Weight . > 

290.00 

0.00 

0.69s 

9.96 

SpGr-- 

. DispKLT) 

----LCB--- 

--TCB--- 

--VCB- 

. Ref  Ht 

HULL 

1.025 

324.68 

5. Ilf 

3.40s 

2.74 

-4.09 

TANK13.S  Flooded 

1.025 

-21.52 

50.71f 

8.21s 

4.23 

-4.09 

TANK23.S  Flooded 

1.025 

-13.16 

40.01f 

8.18s 

3.68 

-4.09 

Total  0isplacement--> 

1.025 

290.00 

0.14f 

2.83s 

2.59 

Righting 

Arms: 

0.00 

0.00s 

Ul  S  t3nCGS  in  rttl. - - 

Baseline  draft;  4.256  @  Origin. 

Trim;  Fwd  2. 

27/120.00. 

Heel : 

Stbd  16.20  deg. 

Critical  Points . - 

. Long. - 

-Trans. - 

--Vert.  --■ 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

8.08 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

1.38 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

5.81 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

-0.89 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  2.27/120.00.  Heel:  Stbd  16.20  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT) - LCB . VCB - Inch . LCF- --IN  trim - GML . GMT 

4.205  290.00  0.14f  2.59  6.28  2.61a  50.51  250.8  4.94 

Distances  in  FEET. - Specific  Gravity  =  1.025. - - Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 

LCG  = 

0.00  TCG  = 

0.69s  VCG  =  9.96 

Origin 

Degrees  of 

Displacement 

Righting 

Arms 

Cri tical 

Depth--- 

-Trim-- 

--Heel-- 

---Weight(LT)-- 

-in  Trim-- 

in  Heel  -- 

>  Area 

--Height 

4.086 

1.08f 

16.20s 

290.00 

0.00 

0.000s 

0.00 

-0.89(4) 

4.019 

1.32f 

21.20s 

290.00 

0.00 

0.254s 

0.54 

-2.28(4) 

3.999 

1.40f 

22.49s 

290.00 

0.00 

0.264s 

0.88 

-2.66(4) 

3.927 

1.63f 

26.20s 

290.00 

0.00 

0.182s 

1.76 

-3.75(4) 

3.847 

1.83f 

29.51s 

290.03 

0.00 

0.000s 

2.06 

-4.71(4) 

3.800 

1.93f 

31.20s 

290.00 

0.00 

-0.120s 

1.96 

-5.19(4) 

3.644 

2.21f 

36.20s 

290.01 

0.00 

-0.552s 

0.32 

-6.59(4) 

3.460 

2.48f 

41.20s 

290.01 

0.00 

-1.052s 

-3.66 

-7.93(4) 

3.250 

2.72f 

46.20s 

290.01 

0.00 

-1.587s 

-10.25 

-9.22(4) 

3.015 

2.95f 

51.20s 

290.01 

0.00 

-2.137s 

-19.55 

-10.44(4) 

2.757 

3.15f 

56.20s 

290.00 

0.00 

-2.688s 

-31.61 

-11.57(4) 

Distances 

in  FEET. . 

-Specific  Gravity  =  1.025 

-  - -Area 

in  Ft-Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long. --Trans . ---Vert. 
60.00f  12.00s  8.00 
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*  CASE  3  * 

*  DAMAGE  TO  TANK  23  AND  33  * 


WEIGHT  and  DISPLACEMENT  STATUS 


Baseline  draft: 

4.311  @  Origin. 

Trim:  Fwd  L 

75/120.00. 

Heel : 

Stbd  17, 

.05  deg. 

Part . 

— Weight(LT) 

----LCG--- 

--TCG--- 

--VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

1.00s 

12.42 

Total  Weight 

. --> 

290.00 

0.00 

0.69s 

9.96 

SpGr-- 

- DispKLT) 

--LCB--- 

--TCB--- 

--VCB--- 

•--Ref  Ht 

HULL 

1.025 

328.92 

3.89f 

3.55s 

2.80 

-4.12 

TANK23.S 

Flooded  1.025 

-13.15 

40.01f 

8.19s 

3.68 

-4.12 

TANK33.S 

Flooded  1.025 

-25.77 

28.04f 

8.21s 

3.61 

-4.12 

Total  Displacement-->  1.025 

290.00 

O.llf 

2.92s 

2.68 

Righting  Arms: 

0.01a 

-0.00s 

Distances  in  FEET. 


Baseline  draft:  4.311  @  Origin.  Trim:  Fwd  1.75/120.00,  Heel:  Stbd  17.05  deg. 


Critical  Points . . 

. Long.- 

-Trans. - 

--Vert.--- 

•--Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00P 

8.00 

7.92 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

0.88 

(3)  DECK  CORNER  PB 

eo.oof 

12.00P 

8.00 

6.17 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

-0.87 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  1.75/120.00.  Heel:  Stbd  17.05  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT) - LCB . VCB . Inch . LCF---IN  trim - GML . GMT 

4.274  290.00  O.llf  2.68  6.24  2.48a  54.03  268.3  4.80 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 


LC6  =  0.00  TCG  =  0.69s  VCG  =  9.96 


Origin 

Degrees  of 

Displacement 

Righting  Arms 

Critical 

Depth  — 

-Trim-- 

.--Heel  -- 

---Weight(LT)- 

--in  Trim-- 

in  Heel 

-->  Area 

--Height 

4.121 

0.84f 

17.05s 

290.00 

0.01a 

-0.001s 

0.00 

-0.87(4) 

4.068 

1.05f 

22.05s 

290.01 

0.00 

0.222s 

0.49 

-2.26(4) 

4.063 

1.07f 

22.49s 

290.00 

0.00 

0.223s 

0.59 

-2.38(4) 

3.997 

1.31f 

27.05s 

289.97 

0.00 

0.096s 

1.43 

-3.70(4) 

3.965 

1.39f 

28.75s 

290.03 

0.00 

0.000s 

1.51 

-4.18(4) 

3.886 

1.55f 

32.05s 

290.00 

0.00 

-0.234s 

1.12 

-5.09(4) 

3.740 

1.77f 

37.05s 

290.00 

0.00 

-0.674s 

-1.10 

-6.44(4) 

3.566 

1.97f 

42.05s 

290.00 

0.00 

-1.174s 

-5.70 

-7.73(4) 

3.364 

2.16f 

47.05s 

290.00 

0.00 

-1.705s 

-12.88 

-8.96(4) 

3.137 

2.34f 

52.05s 

290.00 

0.00 

-2.248s 

-22.76 

-10.13(4) 

2.886 

2.49f 

57.05s 

290.00 

0.00 

-2.791s 

-35.36 

-11.21(4) 

2.613 

2.63f 

62.05s 

290.00 

0.00 

-3.323s 

-50.65 

-12.21(4) 

2.321 

2.74f 

67.05s 

290.00 

0.00 

-3.839s 

-68.56 

-13.11(4) 

2.010 

2.82f 

72.05s 

290.00 

0.00 

-4.331s 

-88.99 

-13.91(4) 

1.685 

2.88f 

77.05s 

290.00 

0.00 

-4.793s 

-111.82 

-14.59(4) 

1.347 

2.92f 

82.05s 

290.00 

0.00 

-5.222s 

-136.87 

-15.17(4) 

0.998 

2.93f 

87.05s 

290.00 

0.00 

-5.613s 

-163.97 

-15.62(4) 

0.643 

2.92f 

92.05s 

290.01 

0.00 

-5.962s 

-192.93 

-15.96(4) 

0.282 

2.88f 

97.05s 

290.00 

0.00 

-6.265s 

-223.52 

-16.17(4) 

-0.081 

2.82f 

102.05s 

290.00 

0.00 

-6.520s 

-255.50 

-16.26(4) 

-0.444 

2.74f 

107.05s 

290.00 

0.00 

-6.722s 

-288.62 

-16.23(4) 

Distances 

in  FEET. . 

-Specific  Gravity  =  1.025. . 

. Area 

in  Ft-Deg. 

Critical  Point 
(4)  DECK  CORNER  SB 


-Long. --Trans. ---Vert. 
eO.OOf  12.00s  8.00 
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*  CASE  4  * 

*  DAMAGE  TO  TANK  33  AND  43  * 

'k-kicici^^ic'k^icic'kicir'k'k'k'k'k'k'k'krk'k'k'k'k'kic-k-k'k-k'k-'k'k'fc'k'k'k'k'k'k'k-k-k-k'k 


WEIGHT  and  DISPLACEMENT  STATUS 

Origin  Depth:  -3.955.  Trim:  Fwd  0.95/120.00.  Heel:  Stbd  174.29  deg. 


Part - 

•--Weight(LT)- 

---LCG--- 

---TCG--- 

--VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

1.00s 

12.42 

Total  Weight- 

- - > 

290.00 

0.00 

0.69s 

9.96 

SpGr--- 

- Displ (LT)- 

---LCB--- 

.--tcb--- 

■--VCB--- 

---Ref  Ht 

HULL 

1.025 

325.90 

2.15f 

1.15s 

5.95 

3.96 

TANK33.S 

Flooded  1.025 

-18.18 

28.03f 

8.11s 

5.47 

3.96 

TANK43.S 

Flooded  1.025 

-17.72 

12.03f 

8.11s 

5.53 

3.96 

Total  Displacement-->  1.025 

290.00 

0.08a 

0.29s 

6.00 

Righting  Arms: 

0.05a 

0.00s 

Distances  in  FEET. 


Origin  Depth:  -3.955.  Trim:  Fwd  0.95/120.00.  Heel:  Stbd  174.29  deg. 


Critical  Points . . 

. Long.- 

-Trans.  -- 

-Vert.--- 

---Height 

DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

-2.34 

DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

-4.72 

DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

-3.28 

DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

-5.67 
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icifii^icificicici^ic'kiiri^-kicitric'k'k'k'k-k'k'k-k-k-k'k-k'k'k'k'k-k'k-k-k-k'k'k-k'k'kic-kic'k'k 

*  CASE  5  * 

*  DAMAGE  TO  TANK  43  AND  53  * 


WEIGHT  and  DISPLACEMENT  STATUS 


Baseline  draft:  4.270  @  Origin. 

Trim:  Fwd  0.39/120.00. 

Heel : 

Stbd  16.10  deg. 

Part . . 

— Weight(LT)- 

---LCG--- 

-TCG--- 

—VCG 

LIGHT  SHIP 

90.00 

0.00 

0.00 

4.50 

CARGO 

200.00 

0.00 

1.00s 

12.42 

Total  Weight . > 

290.00 

0.00 

0.69s 

9.96 

SpGr-- 

. DispKLT)- 

---LCB--- 

--TCB-- 

--VCB . Ref  Ht 

HULL 

1.025 

325.68 

0.90f 

3.40s 

2.70  -4.10 

TANK43.S  Flooded 

1.025 

-23.84 

12.01f 

8.23s 

3.34  -4.10 

TANK53.S  Flooded 

1.025 

-11.85 

0.00 

8.23s 

3.32  -4.10 

Total  Displacement--> 

1.025 

289.99 

0.03f 

2.81s 

2.62 

Righting  Arms: 

0.00 

0.00s 

Distances  in  FEET. - 

Baseline  draft:  4.270  @  Origin. 

Trim:  Fwd  0.39/120.00. 

Heel : 

Stbd  16.10  deg. 

Critical  Points . - 

. Long. - 

-Trans. - 

--Vert.--- 

---Height 

(1)  DECK  CORNER  PS 

60.00a 

12.00p 

8.00 

7.11 

(2)  DECK  CORNER  SS 

60.00a 

12.00s 

8.00 

0.45 

(3)  DECK  CORNER  PB 

60.00f 

12.00p 

8.00 

6.71 

(4)  DECK  CORNER  SB 

60.00f 

12.00s 

8.00 

0.06 

HYDROSTATIC  PROPERTIES  WITH  DAMAGE 
Trim:  Fwd  0.39/120.00.  Heel:  Stbd  16.10  deg..  VCG  =  9.96 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft - Weight (LT)----LCB . VCB - Inch . LCF- --IN  trim----GML - GMT 

4.269  289.99  0.03f  2.62  6.34  0.41a  60.32  299.5  5.42 

Distances  in  FEET. - Specific  Gravity  =  1.025. - Moment  in  Ft-LT. 

Trim  is  per  120.00Ft 


Draft  is  from  Baseline. 
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RIGHTING  ARMS  vs  HEEL  ANGLE  with  DAMAGE 


LCG  =  0.00  TCG  =  0.69s  VCG  =  9.96 


Origin 

Degrees  of 

Di  spl acement 

Righting  Arms 

Critical 

Depth---- 

-Trim- - 

--Heel -- 

---Weight(LT)- 

--in  Trim-- 

in  Heel 

-->  Area  • 

--Height 

4.103 

0.19f 

16.10s 

289.99 

0.00 

0.001s 

0.00 

0.06(4) 

4.068 

0.21f 

18.60s 

289.99 

O.Olf 

0.219s 

0.00 

-0.53(4) 

4.050 

0.24f 

21.10s 

290.00 

0.00 

0.348s 

0.73 

-1.15(4) 

4.038 

0.26f 

22.58s 

290.00 

O.Olf 

0.364s 

1.25 

-1.53(4) 

3.995 

0.31f 

26.10s 

290.01 

0.00 

0.272s 

2.43 

-2.41(4) 

3.916 

0.36f 

30.47s 

290.00 

0.01a 

0.000s 

3.11 

-3.48(4) 

3.902 

0.37f 

31.10s 

290.01 

0.00 

-0.048s 

3.10 

-3.64(4) 

3.771 

0.43f 

36.10s 

290.01 

0.00 

-0.486s 

1.76 

-4.83(4) 

3.603 

0.48f 

41.10s 

290.00 

0.00 

-0.985s 

-1.89 

-5.97(4) 

3.407 

0.53f 

46.10s 

290.00 

0.00 

-1.518s 

-8.13 

-7.06(4) 

3.185 

0.58f 

51.10s 

290.00 

0.00 

-2.068s 

-17.09 

-8.10(4) 

2.938 

0.62f 

56.10s 

290.00 

0.00 

-2.621s 

-28.82 

-9.08(4) 

2.670 

0.65f 

61.10s 

290.00 

0.00 

-3.166s 

-43.29 

-9.99(4) 

2.381 

0.68f 

66.10s 

290.00 

0.00 

-3.696s 

-60.45 

-10.82(4) 

2.073 

0.70f 

71.10s 

290.00 

0.00 

-4.204s 

-80.21 

-11.57(4) 

1.750 

0.72f 

76.10s 

290.00 

0.00 

-4.684s 

-102.44 

-12.23(4) 

1.414 

0.73f 

81.10s 

290.00 

0.00 

-5.131s 

-126.99 

-12.80(4) 

1.067 

0.73f 

86.10s 

290.00 

0.01a 

-5.540s 

-153.68 

-13.26(4) 

0.713 

0.73f 

91.10s 

290.02 

0.00 

-5.908s 

-182.32 

-13.63(4) 

0.349 

0.73f 

96.10s 

289.95 

O.Olf 

-6.231s 

-212.68 

-13.90(4) 

-0.012 

0.71f  101.10s 

290.00 

0.00 

-6.505s 

-244.54 

-14.05(4) 

-0.375 

0.69f  106.10s 

290.00 

0.00 

-6.727s 

-277.64 

-14.09(4) 

Distances 

in  FEET. - 

-Specific  Gravity  =  1.025. . 

. Area 

in  Ft-Deg. 

Critical  Point . Long. --Trans .  -  --Vert. 

(4)  DECK  CORNER  SB  60.00f  12.00s  8.00 
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Resistance  Calculations 


Application 
Hull  type 
Description 


Resistance 

Displacement 
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Analysis  parameters 


[X] Bare-hull :  Basic  [ 

Technique:  Prediction  [ 

Cf  type  :  ITTC  [ 

Align  to  :  [ 

File  :  C 

Correlation  allow (Ca):  0.00040  [ 

[  ] Roughness: 


[  ]3-D  corr  :  Form  factor(l+k);  0.0000 


] Appendage : 

] Wind  : 

] Seas  : 

] Channel  : 

] Barge  : 

] Net  :  .  . 

t-f 


Prediction  results 


\!/ 


Vel 

Fn 

Rn 

Cf 

[Cform] 

[Cw] 

Cr 

Ct 

kts 

1.00 

0.028 

1.51e7 

0.002797 

0.000000 

0 . 000000 

0 . 008210 

0 . 011407 

2.00 

0.056 

3.02e7 

0.002498 

0.000000 

0 . 000000 

0 . 008210 

0 . 011108 

3.00 

0.083 

4.53e7 

0.002345 

0.000000 

0 . 000000 

0  -  008210 

0 . 010955 

4.00 

0.111 

6.03e7 

0.002244 

0.000000 

0 . 000000 

0 . 008210 

0.010854 

5.00 

0.139 

7 . 54e7 

0.002171 

0.000000 

0 . 000000 

0.007970 

0-010541 

6.00 

0.167 

9.05e7 

0.002114 

0.000000 

0.000000 

0 . 007990 

0.010504 

7.00 

0.195 

1.06e8 

0.002067 

0.000000 

0.000000 

0.008240 

0.010707 

8.00 

0.223 

1.21e8 

0.002028 

0.000000 

0.000000 

0.008820 

0.011248 

Vel 

kts 

Rw/W 

Rr/W 

Rbare/W 

Rw 

lbs 

Rr 

lbs 

Rbare 

lbs 

PEbare 

hp 

1.00 

0.00000 

0.00013 

0.00018 

0 

84 

117 

0.4 

2.00 

0.00000 

0.00052 

0.00070 

0 

337 

456 

2.8 

3.00 

0.00000 

0.00117 

0.00156 

0 

759 

1012 

9.3 

4.00 

0.00000 

0.00208 

0.00275 

0 

1349 

1783 

21.9 

5.00 

0.00000 

0.00315 

0.00417 

0 

2046 

2706 

41. 5 

6.00 

0.00000 

0 . 00455 

0.00598 

0 

2954 

3883 

71.5 

7.00 

0.00000 

0.00638 

0.00829 

0 

4146 

5388 

115.7 

8.00 

0.00000 

0.00892 

0.01138 

0 

5797 

7392 

181.5 

Vel 

Rapp 

Rwind 

Rseas 

Rchan 

Rother 

Rtotal 

PEtotal 

kts 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

hp 

1.00 

0 

0 

0 

0 

0 

117  1 

0.4 

2.00 

0 

0 

0 

0 

0 

456  j 

2.8 

3 . 00 

0 

0 

0 

0 

0 

;  1012  1 

9.3 

4 . 00 

0 

0 

0 

0 

0 

;  1783  i 

21.9 

5.00 

0 

0 

0 

0 

0 

i  2706  : 

41.5 

6.00 

0 

0 

0 

0 

0 

;  3883 

71.5 

7.00 

0 

0 

0 

0 

0 

1  5388 

115.7 

8 . 00 

0 

0 

0 

0 

0 

1  7392 

!  181.5 

1 
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Application 
Hull  type 
Description 


Resistance 

Displacement 
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-  Condition  data  - 

Water  type:  Standard  salt 
Mass  density:  1.9905  slug/ft3 
Kinematic  vise:  1.27908e“05  ft2/s 

-  Hull  data  - 


Primary :  Secondary : 


Length  between  PP 

120.000 

ft 

Trim  by 

stern 

0.000 

ft 

WL  aft  of  FP 

0.000 

ft 

LCB  aft 

of  FP 

0.000 

ft 

Length  on  WL 

114.330 

ft 

Bulb  ext 

fwd  FP 

0.000 

ft 

Max  beam  on  WL 

24.000 

ft 

Bulb  area 

at  FP 

0.000 

ft2 

Draft  at  mid  WL 

3.875 

ft 

Bulb  ctr 

abv  BL 

0.000 

ft 

Displacement  bare 

290.0 

LT 

Transom  area 

0.000 

ft2 

Max  area  coef (Cx) 

1.000 

Half  ent 

angle 

0 . 000 

deg 

Waterplane  coef 

1.000 

Stern 

shape 

Normal 

Wetted  surface 

3622.0 

ft2 

Bow 

shape 

Normal 

Loading 

Load  draft 

Parameters :  Basic 

Fn(Lwl)  [0.00.. 0.40] 

0. 

03 

Fn-high  [0.00.. 0.40] 

0. 

22 

Displ:Lwl  [20.0. .400.0]  194 

.1 

Appendages 


Total  wetted  surface  (ex.  thruster) : 

Rudders:  0.000  ft2  Drag  coefficient:  0.000 

Shaft  brackets:  0.000  .  0.000 

Skeg:  0.000  0.000 

Strut  bossing:  0.000  0.000 

Hull  bossing:  0.000  0.000 

Exposed  shafts:  0.000  0.000 

Stabilizer  fins:  0.000  0.000 

Dome:  0.000  0.000 

Bilge  keels:  0.000  0,000 

Bow  thruster  diam:  0.000  ft  0.000 
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-  Environment  data  - 

Wind:  Seas: 

Wind  speed:  0.000  kts  Sig.  wave  height: 

Angle  off  bow:  0.000  deg  Modal  wave  period: 

Tran  hull  area:  0.000  ft2 

VCE  above  WL:  0.000  ft  Channel: 

Tran  superst  area:  0.000  ft2  Channel  width: 

VCE  above  WL:  0.000  ft  Channel  depth: 

Total  longl  area:  0.000  ft2  Side  slope: 

VCE  above  WL:  0.000  ft  Wetted  hull  girth: 

Wind  speed:  Free  stream 

Arrangement :  Cargo  ship 


0.000  ft 
0.000  sec 


0.000  ft 
0.000  ft 
0.000  deg 
0.000  ft 


-  Symbols  and  values  - 

Vel  Ship  speed 

Fn  Froude  number 

Rn  Reynolds  number 

Cf  Frictional  resistance  coefficient 
[Cform]  Viscous  form  resistance  coefficient 
[Cw]  Wave-making  resistance  coefficient 

Cr  Residuary  resistance  coefficient 

Ct  Bare-hull  resistance  coefficient 

Rw/W  Wave-making  resist-displ  merit  ratio 
Rr/W  Residuary  resist-displ  merit  ratio 

Rbare/W  Bare-hull  resist-displ  merit  ratio 

Rw  Wave -making  resistance  component 

Rr  Residuary  resistance  component 

Rbare  Bare-hull  resistance 

PEbare  Bare-hull  effective  power 

Rapp  Additional  appendage  resistance 

Rwind  Additional  wind  resistance 

Rseas  Additional  sea-state  resistance 

Rchan  Additional  channel  resistance 

Rother  Other  added  resistance 

Rtotal  Total  vessel  resistance 

PEtotal  Total  effective  power 


*  Exceeds  speed  parameter 
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Analysis  parameters 


[X]Bare-hul 1 :  Basic  [ 

Technique:  Prediction  [ 

Cf  type  :  ITTC  [ 

Align  to  :  [ 

File  :  [ 

Correlation  allow(Ca):  0.00040  [ 

[  JRoughness: 


[  ]3-D  corn  :  Form  factor(l+k):  0.0000 


lAppendage 

]Wind 

jSeas 

JChannel 

]  Barge 

]Net 


Prediction  results 


Vel 

kts 

Fn 

Rn 

Cf 

[Cform] 

[Cw] 

Cr 

Ct 

1.00 

0.029 

1.42e7 

0.002827 

0.000000 

0.000000 

0.002463 

0.005690 

2.00 

0.057 

2.83e7 

0 . 002523 

0.000000 

0.000000 

0.002463 

0.005386 

3.00 

0.086 

4.25e7 

0 . 002368 

0.000000 

0.000000 

0.002463 

0.005231 

4.00 

0.115 

5.66e7 

0 . 002266 

0.000000 

0.000000 

0.002463 

0.005129 

5.00 

0.144 

7.08e7 

0.002192 

0.000000 

0.000000 

0.002391 

0.004983 

6.00 

0.172 

8.50e7 

0.002133 

0.000000 

0.000000 

0.002397 

0.004930 

7.00 

0.201 

9.91e7 

0.002086 

0.000000 

0.000000 

0.002472 

0.004958 

8.00 

0.230 

1.13e8 

0.002046 

0.000000 

0.000000 

0.002646 

0.005092 

Vel 

kts 

Rw/W 

Rr/W 

Rbare/W 

Rw 

lbs 

Rr 

lbs 

Rbare 

lbs 

PEbare 

hp 

1.00 

0.00000 

0.00010 

0.00023 

0 

20 

45 

0.1 

2.00 

0.00000 

0.00039 

0.00085 

0 

79 

172 

1.1 

3.00 

0.00000 

0.00088 

0.00187 

0 

177 

376 

3.5 

4.00 

0.00000 

0.00156 

0.00325 

0 

315 

656 

8.1 

5.00 

0.00000 

0.00237 

0.00494 

0 

478 

996 

15.3 

6.00 

0.00000 

0.00342 

0.00704 

0 

690 

1419 

26.1 

7.00 

0.00000 

0.00480 

0.00963 

0 

968 

1942 

41.7 

8.00 

0.00000 

0.00671 

0.01292 

0 

1353 

2605 

63.9 

Vel 

Rapp 

Rwi  nd 

Rseas 

Rchan 

Rother 

Rtotal 

PEtotal 

kts 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

hp 

1.00 

0 

0 

0 

0 

0 

45 

0.1 

2.00 

0 

0 

0 

0 

0 

172 

1.1 

3.00 

0 

0 

0 

0 

0 

376 

3.5 

4.00 

0 

0 

0 

0 

0 

656 

8.1 

5.00 

0 

0 

0 

0 

0 

996 

15.3 

6.00 

0 

0 

0 

0 

0 

1419 

26.1 

7.00 

0 

0 

0 

0 

0 

1942 

41.7 

8.00 

0 

0 

0 

0 

0 

2605 

63.9 
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Hull  type  ;  Displacement  File  name:  969_90.nc3 

Description: 

.  Condition  data  . 

Water  type:  Standard  salt 
Mass  density:  1.9905  slug/ft3 
Kinematic  vise:  1.27908e-05  ft2/s 

.  Hull  data  . 


Primary: 

Length  between  PP;  120.000  ft 

WL  aft  of  FP:  0.000  ft 

Length  on  WL;  107.310  ft 

Max  beam  on  WL:  24.000  ft 

Draft  at  mid  WL:  1.242  ft 

Displacement  bare:  90.0  LT 

Max  area  coef(Cx);  1.000 

Waterplane  coef:  1.000 

Wetted  surface;  2819.0  ft2 

Loading:  Load  draft 

Parameters:  Basic 
Fn(Lwl)  [0.00.. 0.40]  0.03 

Fn-high  [0.00.. 0.40]  0.23 

Displ:Lwl  [20.0.. 400.0]  72.8 

.  Appendages  . 


Secondary: 

Trim  by  stern;  0.000  ft 

LCB  aft  of  FP:  0.000  ft 

Bulb  ext  fwd  FP:  0.000  ft 

Bulb  area  at  FP;  0.000  ft2 

Bulb  ctr  abv  BL:  0.000  ft 

Transom  area:  0.000  ft2 

Half  ent  angle:  0.000  deg 

Stern  shape:  Normal 

Bow  shape:  Normal 


Total  wetted  surface  (ex.  thruster); 

Rudders:  0.000  ft2  Drag  coefficient:  0.000 

Shaft  brackets:  0.000  .  0.000 

Skeg;  0.000  0.000 

Strut  bossing:  0.000  0.000 

Hull  bossing;  0.000  0.000 

Exposed  shafts;  0.000  0.000 

Stabilizer  fins;  0.000  0.000 

Dome:  0.000  0-000 

Bilge  keels:  0.000  0.000 

Bow  thruster  diam:  0.000  ft  .  0.000 
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Hull  type  ;  Displacement  File  name:  969_90.nc3 

Description: 

.  Environment  data  . 


Wi  nd: 

Seas: 

Wind  speed 

0.000  kts 

Sig.  wave  height: 

0.000 

ft 

Angle  off  bow 

0.000  deg 

Modal  wave  period: 

0.000 

sec 

Tran  hull  area 

0.000  ft2 

VCE  above  WL 

0.000  ft 

Channel : 

Tran  superst  area 

0.000  ft2 

Channel  width: 

0.000 

ft 

VCE  above  WL 

0.000  ft 

Channel  depth; 

0.000 

ft 

Total  longl  area 

0.000  ft2 

Side  slope: 

0.000  deg 

VCE  above  WL 

0.000  ft 

Wetted  hull  girth: 

0.000 

ft 

Wind  speed 

Free  stream 

Arrangement 

Cargo  ship 

. Symbols  and  values  . . 

Vel  Ship  speed 

Fn  Froude  number 

Rn  Reynolds  number 

Cf  Frictional  resistance  coefficient 

[Cform]  Viscous  form  resistance  coefficient 
[Cw]  Wave-making  resistance  coefficient 

Cr  Residuary  resistance  coefficient 

Ct  Bare-hull  resistance  coefficient 

Rw/W  Wave-making  resist-displ  merit  ratio 
Rr/W  Residuary  resist-displ  merit  ratio 

Rbare/W  Bare-hull  resist-displ  merit  ratio 

Rw  Wave-making  resistance  component 

Rr  Residuary  resistance  component 

Rbare  Bare-hull  resistance 

PEbare  Bare-hull  effective  power 

Rapp  Additional  appendage  resistance 

Rwind  Additional  wind  resistance 

Rseas  Additional  sea-state  resistance 

Rchan  Additional  channel  resistance 

Rother  Other  added  resistance 

Rtotal  Total  vessel  resistance 

PEtotal  Total  effective  power 

*  Exceeds  speed  parameter 
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BHS  5.14  ACB  120  feet  module 


WEIGHT  and  DISPLACEMENT  STATUS 
Baseline  draft:  1.242.  Heel:  zero 


Part — 

Total 

Weight . > 

■--Weight(LT)- 

90.00 

---LCG-- 

0.00 

---TCG-- 

0.00 

---VCG 

0.00 

HULL 

SpGr--- 

1.025 

---DispKLT)- 

90.00 

— LCB-- 

0.00 

---TCB-- 

0.00 

---VCB--- 

0.63 

•--Ref  Ht 

-1.24 

Righting  Arms: 

0.00 

0.00 

Distances  in  FEET. 


HYDROSTATIC  PROPERTIES 
No  Trim.  No  Heel,  VCG  =  0.00 

LCF  Displacement  Buoyancy  Ctr.  Weight/  Moment/ 

Draft . Weight(LT)----LCB - VCB . Inch . LCF--Deg  trim----GML . GMT 

1.242  90.00  0.00  0.63  6.13  0.00  1233.40  785.1  39.86 

Distances  in  FEET. . Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 

Draft  is  from  Baseline. 
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BHS  5.14  ACB  120  feet  module  ACB120 

Part:  HULL  Component;  HULL.C  Side:  CL  Effectiveness:  1.000 

Origin  Depth;  1.242  Trim:  zero  Heel:  zero 

HULL.C  COMPONENT  FORM 


Volume  =  3151  Cubic  Ft  LCB  =  0.00  TCB  =  0.00  VCB  =  0.63 

Wetted  Surface:  2819  Square  Ft 

BLOCK  DIMENSIONS 

Length  =  107.31  Breadth  =  24.00  Depth  (deepest  point)  =  1.24 

Length/Breadth  =  4.47  Length/Depth  =  86.37  Breadth/Depth  =  19.316 
Breadth  -  Length/10  =  13.27  Ft  Block  Coefficient  =  0.985 

Displacement-Length  Ratio  =  72.8  Length-Volume  Ratio  =  7.32 

WATERPLANE 

Area  =  2575.5  Square  Ft  LCA  =  0.00  TCA  =  0.00 

Moments  of  Inertia:  IL  =  2.472E+06  FtM  IT  =  1.236E+05  Ft'-A 
Length  =  107.31  Breadth  =  24.00  Waterplane  Coefficient  =  1.000 


MAXIMUM  SECTION 
Area  =  29.82  Square  Ft  Coefficient  =  1.000 

PRISMATIC  COEFFICIENTS 
Cp  =  0.985  Cvp  =  0.985 
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BHS  5.14  ACB  120  feet  module  ACB120 

Part:  HULL  Component:  HULL.C  Side:  CL  Effectiveness:  1.000 

Origin  Depth:  1.242  Trim;  zero  Heel;  zero 

HULL.C  COMPONENT  SECTIONS 


Section 

Baseline 

S  e 

c  t  i 

0  n 

Waterline 

Location- 

■--Depth--- 

---Area-- 

-TCtr- 

---VCtr--- 

---Width-- 

--Ctr 

eo.oof 

1.24 

53.66f 

1.24 

0.00 

0.00 

1.24 

24.00 

0.00 

52.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

48.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

44.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

40.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

36.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

32.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

28.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

24.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

20.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

15.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

lO.OOf 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

5.00f 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

0.00 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

5.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

10.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

15.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

20.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

24.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

28.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

32.00a 

1,24 

29.82 

0.00 

0.62 

24.00 

0.00 

36.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

40.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

44.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

48.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

52.00a 

1.24 

29.82 

0.00 

0.62 

24.00 

0.00 

53.66a 

1.24 

0.00 

0.00 

1.24 

24.00 

0.00 

60.00a  1.24 

Distances  in  FEET. 
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Project  No.: 

Prepared  By: 

Date: 

Title: 

Checked  By: 

Date: 

Subject: 

Sheet  of 

K/yERNER 


Application:  Resistance 
Hull  type  :  Displacement 
Description; 


8  Nov  95  16:07 
File  name:  969  90c. nc3 


Page  1 


Analysis  parameters 


[X]Bare-hu11 ;  Basic  [  lAppendage 

Technique:  Prediction  [  ]Wind 

Cf  type  :  ITTC  [  ]Seas 

Align  to  :  C  IChannel 

File  ;  [  IBarge 

Correlation  allow(Ca):  0.00040  [  ]Net 

[  ] Roughness: 


[  ]3-D  corn  :  Form  factor(l+k);  0.0000 

. -  Prediction  results  . 

Vel  Fn  Rn  Cf  [Cform]  [Cw]  Cr  Ct 


1.00  0.029  1.44e7  0.002819  0.000000  0.000000  0.002463  0.005682 

2.00  0.057  2. 2,1 el  0.002517  0.000000  0.000000  0.002463  0.005380 

3.00  0.086  4.31e7  0.002362  0.000000  0.000000  0.002463  0.005225 

4.00  0.114  5.75e7  0.002261  0.000000  0.000000  0.002463  0.005124 

5.00  0.143  7.19e7  0.002187  0.000000  0.000000  0.002391  0.004978 

6.00  0.171  8.62e7  0.002129  0.000000  0.000000  0.002397  0.004926 

7.00  0.200  1.01e8  0.002081  0.000000  0.000000  0.002472  0.004953 

8.00  0.228  1.15e8  0.002042  0.000000  0.000000  0.002646  0.005088 


Vel 

kts 

Rw/W 

Rr/W 

Rbare/W 

Rw 

lbs 

Rr 

lbs 

Rbare 

lbs 

PEbare 

hp 

1.00 

0.00000 

0.00009 

0.00020 

0 

9 

20 

0.1 

2.00 

0.00000 

0.00035 

0.00076 

0 

35 

76 

0.5 

3.00 

0.00000 

0.00078 

0.00166 

0 

79 

167 

1.5 

4.00 

0.00000 

0.00139 

0.00289 

0 

140 

291 

3.6 

5.00 

0.00000 

0.00211 

0.00439 

0 

212 

442 

6.8 

6.00 

0.00000 

0.00304 

0.00625 

0 

307 

630 

11.6 

7.00 

0.00000 

0.00427 

0.00855 

0 

430 

862 

18.5 

8.00 

0.00000 

0.00597 

0.01148 

0 

602 

1157 

28.4 

Vel 

Rapp 

Rwi  nd 

Rseas 

Rchan 

Rother 

Rtotal  PEtotal 

kts 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

hp 

1.00 

0 

0 

0 

0 

0 

20 

0.1 

2.00 

0 

0 

0 

0 

0 

76 

0.5 

3.00 

0 

0 

0 

0 

0 

167 

1.5 

4.00 

0 

0 

0 

0 

0 

291 

3.6 

5.00 

0 

0 

0 

0 

0 

442 

6.8 

6.00 

0 

0 

0 

0 

0 

630 

11.6 

7.00 

0 

0 

0 

0 

0 

862 

18.5 

8.00 

0 

0 

0 

0 

0 

1157 

28.4 
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Application:  Resistance  8  Nov  95  16:07  Page  2 

Hull  type  :  Displacement  File  name:  969_90c.nc3 

Description: 

.  Condition  data  . - . - . 

Water  type:  Standard  salt 
Mass  density:  1.9905  slug/ft3 
Kinematic  vise:  1.27908e-05  ft2/s 

.  Hull  data  . 


Primary: 

Length  between  PP 
WL  aft  of  FP 
Length  on  WL 
Max  beam  on  WL 
Draft  at  mid  WL 
Displacement  bare 
Max  area  coef(Cx) 
Waterplane  coef 
Wetted  surface 
Loading 


Secondary: 

120.000  ft 

Trim  by  stern 

0.000  ft 

LCB  aft  of  FP 

108.930  ft 

Bulb  ext  fwd  FP 

8.000  ft 

Bulb  area  at  FP 

1.850  ft 

Bulb  ctr  abv  BL 

45.0  LT 

Transom  area 

1.000 

Half  ent  angle 

1.000 

Stern  shape 

1253.0  ft2 

Bow  shape 

Load  draft 

0.000 

ft 

0.000 

ft 

0.000 

ft 

0.000 

ft2 

0.000 

ft 

0.000 

ft2 

0.000 

deg 

Normal 

Normal 


Parameters:  Basic 
Fn(Lwl)  [0.00.. 0.40]  0.03 

Fn-high  [0.00.. 0.40]  0.23 

0ispl:Lwl  [20.0.. 400.0]  34.8 


Appendages 


Total  wetted  surface  (ex.  thruster): 

Rudders:  0.000  ft2  Drag  coefficient:  0.000 

Shaft  brackets:  0.000  .  0.000 

Skeg:  0.000  0.000 

Strut  bossing:  0.000  0.000 

Hull  bossing:  0.000  0.000 

Exposed  shafts:  0.000  0.000 

Stabilizer  fins:  0.000  0.000 

Dome:  0.000  0.000 

Bilge  keels:  0.000  0.000 

Bow  thruster  diam:  0.000  ft  .  0.000 


NavCad  Version  3.1c  (c)  1994  HydroComp.  Inc. 


Application:  Resistance  8  Nov  95  16:07  ■  Page  3 

Hull  type  :  Displacement  File  name:  969_90c.nc3 

Description: 

.  Environment  data  . 


Wind: 

Seas: 

Wind  speed 

0.000  kts 

Sig.  wave  height: 

0.000 

ft 

Angle  off  bow 

0.000  deg 

Modal  wave  period: 

0.000 

sec 

Tran  hull  area 

0.000  ft2 

VCE  above  WL 

0.000  ft 

Channel : 

Tran  supers!  area 

0.000  ft2 

Channel  width: 

0.000 

ft 

VCE  above  WL 

0.000  ft 

Channel  depth: 

0.000 

ft 

Total  long!  area 

0.000  ft2 

Side  slope: 

0.000  deg 

VCE  above  WL 

0.000  ft 

Wetted  hull  girth: 

0.000 

ft 

Wind  speed 

Free  stream 

Arrangement 

Cargo  ship 

.  Symbols  and  values  . 

Vel  Ship  speed 

'Fn  Froude  number 

Rn  Reynolds  number 

Cf  Frictional  resistance  coefficient 
[Cform]  Viscous  form  resistance  coefficient 
[Cvj]  Wave-making  resistance  coefficient 
Cr  Residuary  resistance  coefficient 

Ct  Ba re-hull  resistance  coefficient 

Rw/W  Wave-making  resist-displ  merit  ratio 
Rr/W  Residuary  resist-displ  merit  ratio 

Rbare/W  Bare-hull  resist-displ  merit  ratio 

Rw  Wave-making  resistance  component 

Rr  Residuary  resistance  component 

Rbare  Bare-hull  resistance 

PEbare  Bare-hull  effective  power 

Rapp  Additional  appendage  resistance 

Rwind  Additional  wind  resistance 

Rseas  Additional  sea -state  resistance 

Rchan  Additional  channel  resistance 

Rother  Other  added  resistance 

Rtotal  Total  vessel  resistance 

PEtotal  Total  effective  power 

*  Exceeds  speed  parameter 


NavCad  Version  3.1c  (c)  1994  HydroComp.  Inc 


95-11-08  11:26 

BHS  5.14  ACB  120  feet  module 

WEIGHT  and  DISPLACEMENT  STATUS 
Baseline  draft:  1.850.  Heel:  zero 

Part . Weight(LT)---LCG . TCG . VCG 

Total  Weight- . >  90.00  0.00  0.00  0.00 

SpGr - Displ(LT)----LCB . TCB - VCB . Ref  Ht 

HULL  1.025  90.00  0.00  0.00  0.94  -1.85 


Righting  Arms:  0.00  0.00 

Distances  in  FEET. . . . . . . . . 


Page  1 
ACB120C 


HYDROSTATIC  PROPERTIES 
No  Trim.  No  Heel.  VCG  =  0.00 

LCF  Displacement 

Draft . Weight(LT) 

1.850  90.00 

Distances  in  FEET. --- 
Draft  is  from  Baseline 


Buoyancy  Ctr.  Weight/  Moment/ 

- LCB . VCB . Inch . LCF- -Deg  trim - GML . GMT 

0.00  0.94  4.15  0.00  860.83  548.0  38.61 

. Specific  Gravity  =  1.025. . Moment  in  Ft-LT. 


95-11-08  11:26 
BHS  5.14 


AC8  120  feet  module 


Page  2 
ACB120C 


Part:  HULL  Component:  HULL.C  Side:  CL  Effectiveness:  1.000 

Origin  Depth:  1.850  Trim:  zero  Heel:  zero 
HULL.C  COMPONENT  FORM 

Volume  =  3151  Cubic  Ft  LCB  =  0.00  TCB  =  0.00  VCB  =  0.94 

Wetted  Surface:  2507  Square  Ft 

BLOCK  DIMENSIONS 

Length  =  108.93  Breadth  =  24.00  Depth  (deepest  point)  =  1.85 

Length/Breadth  =  4.54  Length/Depth  =  58.90  Breadth/Depth  =  12.976 
Breadth  -  Length/10  =  13.11  Ft  Block  Coefficient  =  0.652 

Displacement-Length  Ratio  =  69.6  Length-Volume  Ratio  =  7.43 

WATERPLANE 

Area  =  1742.9  Square  Ft  LCA  =  -0.00  TCA  =  0.00 

Moments  of  Inertia:  IL  =  1.723E+06  Ft^4  IT  =  1.187E+05  Ft^4 
Length  =  108.93  Breadth  =  16.00  Waterplane  Coefficient  =  1.000 

MAXIMUM  SECTION 
Area  =  29.59  Square  Ft  Coefficient  =  0.667 

PRISMATIC  COEFFICIENTS 
Cp  =  0.977  Cvp  =  0.977 
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BHS  5.14 


ACB  120  feet  module 
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ACB120C 


Part:  HULL  Component:  HULL.C  Side:  CL  Effectiveness:  1.000 

Origin  Depth:  1.850  Trim:  zero  Heel:  zero 

HULL.C  COMPONENT  SECTIONS 


Section 

Baseline 

S  e 

C  t  1 

0  n 

Waterline 

Location- 

■--Depth-- 

---Area-- 

-TCtr- 

---VCtr-- 

---Width- 

---Ctr 

60.00f 

1.85 

54.47f 

1.85 

0.00 

0,00 

1.85 

16.00 

0.00 

52.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

48.00f 

1.85 

29.59 

0,00 

0.92 

16.00 

0.00 

44.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

40.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

36.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

32.00f 

1.85 

29.59 

0,00 

0.92 

16.00 

0.00 

28.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

24.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

20.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

15.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

lO.OOf 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

5.00f 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

0.00 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

5.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

10.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

15.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

20.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

24.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

28.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

32.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

36.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

40.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

44.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

48.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

52.00a 

1.85 

29.59 

0.00 

0.92 

16.00 

0.00 

54.47a 

1.85 

0.00 

0.00 

1.85 

16.00 

0.00 

60.00a  1.85 

Distances  in  FEET. 
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Amphibious  Cargo  Beaching  Lighter  Development 


Basic  Motions  Analysis 


3  X  40  foot  modules  loaded  (  290  LT  )  displacement 
3  foot  significant  wave  height,  modal  period  5  sec 

Heave 

B2 

C2 

D2 

0 

0.34 

0.38 

0.33 

15 

0.36 

0.4 

0.35 

30 

0.43 

0.45 

0.41 

45 

0.58 

0.59 

0.55 

60 

0.86 

0.87 

0.81 

75 

1.22 

1.25 

1.16 

90 

1.42 

1.45 

1.37 

Roll 

B2 

C2 

D2 

0 

0 

0 

0 

15 

0.98 

1.57 

0.49 

30 

2.33 

3.27 

1.83 

45 

4.21 

5.19 

5.51 

60 

6.36 

7.12 

11.73 

75 

8.13 

8.66 

17.76 

90 

8.85 

9.28 

20.55 

Pitch 

B2 

C2 

D2 

0 

1.19 

1.17 

1.13 

15 

1.22 

1.21 

1.16 

30 

1.32 

1.33 

1.25 

45 

1.47 

1.5 

1.38 

60 

1.53 

1.54 

1.45 

75 

1.13 

1.14 

1.11 

90 

0 

0 

0 

1.5  : 


0  1 5  30  45  60  75  90 


25 


2 


Model  B2 
Model  C2 
Model  D2 


basic  rectangular  hull 
hull  with  10  deg  flare 
hull  with  10  deg  deadrise  angle 


SHORTCRESTEO 

SIGNIFICANT  WAVE  HEIGHT  =  3.00  FEET 
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